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TEANSACnONS  OP  THE  SOCIETY. 

L — The  CanstUuents  of  Sewage  in  the  Mud  of  the  Thames. 
By  Lionel  S.  Bsale,  F.B.S.,  Treas.  B.M.S. 

(Bead  10th  January,  1884.) 
Plates  I.-IV. 

The  particles  constitnting  the  clond-Iike  masses  of  dark-brown  and 
in  some  places  black  mud,  held  in  suspension  in  the  tidal  water  of 
the  Thames  and  carried  backwards  and  forwards  by  the  tide,  and 
which  subside  and  form  the  soft  mud  which  accumulates  on  the 
surface  of  the  submerged  banks,  have  always  afforded  objects  of 


EXPLANATION  OF  PLATES  I.-IV. 

Plate  I. 

Fig.  1. — Objects  in  Mud  from  Crossnesa  Southern  OutfaU. — a,  mnsonlar  fibres 
which  have  passed  through  the  intestine  and  have  been  partly  dissolved  by  the 
dig(»tiTe  floids,  bat  which  haye  undergone  farther  disiutegratiyo  changes  in  con- 
sequence of  tlie  prolonged  action  of  the  Thames  water  upon  them.  In  many  of 
the  muscular  fibres  the  tranverse  markings  are  still  visible.  At  a**  is  seen  a  fibre  in 
which  the  transverse  strie  are  very  distinct,  although  the  tissue  is  itself  undergoing 
disintegration.  c%  a  portion  of  a  very  small  spiral  fibre  from  vegetable  tissue. 
d»  erystols  of  fiitty  acids  formed  by  the  decomposition  and  oxidation  of  fatty  matter. 
tf*,  a  ooUeotion  of  particles  of  caroon,  probably  soot  /,  portions  of  yellow  elastic 
tissue,  probably  from  the  areolar  tissue  of  meat.  A,  portions  of  yellow  fasoal  matter  in 
various  stages  of  disintegrative  change.  In  some  of  these  masses  are  seen  minute 
partioles  of  sand  and  other  matters  which  have  adhered  to  the  surface,  or  have 
become  mixed  with  the  soft  viscid  matter,  k,  a  small  piece  of  mica.  /,  a  portion  of 
myelin  from  nerve-tissue  which  has  been  long  macerated  in  the  Thames  water, 
m,  oolleetion  of  bacteria,    n,  bacteria  in  the  sheU  of  a  diatom. 

Fig.  2. — AUo  from  Crostnesa  Southern  Outfall.— ^^  large  spiral  vessels  from  vege- 
table tisroe  (common  cabbage),  c**,  two  small  spiral  vessels  still  connected 
together  as  in  their  natural  position  in  the  tissues  of  the  plant. 

Fig.  3. — fhnn  a  mud-bank  off  Erith. — d,  crystals  of  fatty  acids,  the  upper  d 
a  eollMtion  of  crystals  of  fatty  adds,  d**,  a  mass  composed  principally  of  oil- 
l^bolei^  with  perhaps  a  little  fascal  matter,  h  h,  masses  consisting  of  vellow  fecal 
Blatter  with  a  few  oil-globules,  t,  a  glistening  mass  of  very  hurd  fotty  matter. 
k,  a  minute  fragment  of  mica. 
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interest  to  microscopical  observers.  To  give  an  account  of  the 
diatoms  only  among  the  many  constituents  of  this  mud  it  would 
be  necessary  to  recount  the  numerous  memoirs  published  upon  this 
important  and  highly  interesting  class  of  organisms  from  the  time 
of  Ehrenberg.     I  would  venture  to  direct  attention  to  the  observa- 


Plate  II. 

Fig.  4. — Bodies  found  in  mud  from  Barking  Outfall.—a^  frafl:ment8  of  muscular 
fibre,  partly  diasolved  by  the  action  of  the  digestive  fluids.  The  specimen  on  the 
left  still  retains  its  transverse  striss  very  distinctly,  c,  portion  of  spiral  fibre  of 
▼egetable  tissue,  free  from  membrane.  /,  fine  fibres  of  yellow  elastic  tissue,  pro- 
bably from  areolar  tissue  of  meat  taken  as  food.  A,  portion  of  yellow  faBcal 
matter  undergoing  disintegrative  change. 

In  the  following  figures  in  plate  II.  objects  found  in  mud  from  a  sewer  close  to 
Woolwich  Pier  are  represented. — Fig.  5,  fragments  of  deal  wood.  Fig.  6,  a,  mus- 
cular fibres  exhibiting  transverse  strias  very  distinctly,  with  the  exception  of 
one,  a,  in  the  lower  part  of  the  figure  to  the  right,  which  is  a  representation  of  a 
.  very  small  fragment  partly  dissolved,  d,  crystals,  probably  of  fatty  acids,  set  free 
bv  the  decomposition  of  fatty  matter,  e,  sporules  of  fungi.  /",  fibres  of  yellow 
eUstio  tissue.  /7,  a  collection  of  granules,  probably  altered  fsdcal  matter.  Fig.  7, 
a,  fragments  of  muscular  fibres  in  variouB  states  of  disintegration.  Fig.  8,  c, 
spiral  fibres  from  vegetable  tissue ;  the  lower  fig^nro  represents  a  portion  of  a  fibre 
set  quite  free  from  its  enveloping  membrane. 

Plate  III. 

From  ctn  outfall  of  a  sewer  near  to  Trinity  Ballast  Office. — Fig.  9,  a,  muscular 
fibres  acted  upon  by  the  juices  of  the  alimentary  canal  in  much  the  same  condi- 
tion as  when  they  left  the  body  with  the  fsBcal  matter  to  pass  into  the  sewer. 
Fig.  10,  (f,  free  crystals  of  fatty  acids  resulting  from  the  decomposition  of  fatty 
matter.  Fig.  11,  c,  spiral  fibres  from  vegetable  tissue.  Fig.  12,  a,  muscular 
fibres  partly  acted  upon  and  disintegrated.    A,  epidermis  from  a  leaf. 

From  a  mud-hank  off  East  Greenwich, — Fig.  13,  a*,  muscular  fibre  partly  dis- 
solved but  still  showing  a  few  transverse  markings,  d,  crystals  of  fatty  matter 
with  some  fseoal  matter.  Fig.  14,  d,  fragments  of  white  fibrous  tissue,  much 
decomposed  and  rendered  granular  by  the  action  of  the  water  and  disintegrating 
agencies.  /,  portion  of  thick  yellow  elastic  tissue  from  the  coat  of  a  large  artery. 
Fig.  15,  A,  portions  of  stercoraceous  matter  with  granules  and  oil-globules  im- 
bedded in  tnem. 

Platb  IV. 

From  a  m^tdbank  off  East  Greenwich. — Fig.  10,  o,  fragments  of  coal,  r,  epithelial 
cells,  probably  from  the  mouth.    Fig.  11,  very  fine  fibres  of  yellow  elastic  tissue. 

Fnm  a  mudbank  at  Chelsea, — Fig.  12,  a,  muscular  fibre  much  disintegrated. 
A,  masses  of  yeUow  fscal  matter  undergoing  disintegration  by  the  action  of  the  water. 

From  an  oittfall  of  a  sewer  near  to  Trinity  Ballast  Office, — Fig.  13,  c,  fragments  of 

3[>iral  vessels  from  vegetable  tissue,  ef,  crystals  of  fatty  acids  set  free  by  the 
eoomposition  of  fatty  matter.  A  collection  of  the  same  is  represented  in  Fig.  14 
at  d,  0,  sporules  of  fungi.  /,  fibres  of  yellow  elastic  tissue,  many  exhibiting 
transverse  markings  produced  by  boiling  old  fibres. 

From  a  mudbank  at  Chelsea, — ^Fig.  14,  c,  vegetable  cells  with  spiral  fibres. 
Fig.  15,  Sf  a  portion  of  cellular  tissue  from  some  vegetable,  ])robably  turnip. 
Fig.  16,  p,  fragment  of  white  fibrous  tissue  much  disintegrated  and  with  nume- 
rous granules  therein,  a*,  a  portion  of  muscular  fibre  nearly  transparent  from 
maceration,  but  a  few  transverse  markings  still  remain  distinct  /,  a  small  frag- 
ment of  ycdlow  elastic  tissue  showing  vestiges  of  transverse  markings,  o,  frag- 
ment of  coal.  Fig.  17,  a,  portion  of  muscular  fibre  changed  by  maceration,  o,  frag- 
ment of  coal.  Fig.  18,  o,  fragments  of  coal.  Fig.  19,  portion  of  a  very  large  mass 
of  fnoal  matter  containing  many  silidous  and  other  fragments  imbedded  in  it, 
and  which  adhere  to  the  viscid  matter  of  which  it  is  in  great  part  composed. 
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Cmstituents  of  Thames  Mud.    By  Lionel  8.  BeaJe.  3 

tions  of  this  authority  upon  the  diatoms  of  the  Elbe,  to  those  of 
Mr.  T.  F.  Bergin  on  the  deposits  of  the  mud  of  the  Liffey,*  to 
those  of  Professor  Bailey  on  the  diatoms  found  in  the  Mississippi, 
to  the  paper  of  Mr.  F.  C.  S.  Roper  on  the  Diatomace»  of  tne 
Thames,!  and  lastly  to  the  memoir  of  Dr.  Bossey  on  'Thames 
Mud  in  relation  to  Sanitary  Science.' J  Mr.  Eoper  in  1854  and 
Dr.  Bossey  more  recently  have  carefully  studied  the  species  of 
diatoms  in  different  parts  of  the  river,  and  have  shown  that  the 
valves  belonging  to  fresh-water  species  growing  in  the  upper  parts 
of  the  river  may  be  carried  down  by  the  tide  towards  the  mouth  of 
the  Thames,  wmle  the  valves  of  those  living  in  salt  or  in  brackish 
water  are  to  be  traced  as  far  up  as'  the  tide  extends.  These 
beautiful  silicious  skeletons  so  easily  recognized  and  identified, 
being  very  light,  are  carried  backwards  and  forwards  by  the  tide, 
and  are  deposited  on  the  mud-banks.  They  may  be  regarded  as 
evidence  of  the  course  taken  by  other  light  particles  suspended 
in  the  water  of  the  river,  and  afford  one  of  many  indications  of  the 
movements  of  the  sewage.  Thus  we  are  able  to  show  that  at  any 
rate  the  least  dense  of  the  constituents  of  sewage  may  be  carried 
from  the  outfall  at  Barking  up  to  the  first  lock  in  one  direction 
and  below  Gravesend  in  the  other. 

It  is  impossible  to  exaggerate  the  importance  of  investigations 
concerning  the  course  of  the  sewage  in  the  river  considered  in  con- 
nection with  the  changes  effected  in  it  by  various  agencies  during 
its  suspension  and  after  its  subsidence  as  mud.  That  our  river  is 
fouled  by  the  presence  of  sewage  is  patent  to  every  one,  while 
most  of  us  feel  that  its  state  is  a  disgrace  to  our  city.    The  serious 

Juestion  which  presents  itself  to  Londoners,  and  mdeed  concerns 
Sngland,  is  whether  this  constant  pollution  of  the  river  by  the 
pouring  into  it  daily  of  more  than  100  millions  of  ^lons,  nearly 
450,000  tons,  of  sewage  can  be  continued  without  mcreasing  risk 
to  ihe  health  of  the  people,  to  say  nothing  of  the  disagreeable 
effects  on  the  senses  of  sight  and  smell,  and  the  very  unpleasant 
considerations  suggested  by  the  contamination. 

Some  years  ago  there  was  unmistakable  evidence  of  the  occur- 
rence of  a  very  nasty  kind  of  decomposition  proceeding  in  the 
Thames  water.  The  air  of  all  the  streets  bordering  the  river  was 
polluted  with  offensive  odours.  During  the  last  few  years,  however, 
we  have  not  been  so  seriously  annoyed.  But  it  must  be  borne  in 
mind  that  we  have  had  a  remarkable  series  of  cool  and  wet 
summers,  &vourable  to  excessive  dilution  of  the  sewage  and  un- 
fiftvourable  to  organic  decomposition.    What  the  state  of  things 

*  *  Cooper  and  Bosk's  Microsoopic  Jonrnal/  ii.  (1842)  p.  68. 
t  Trans.  Micr.  Soo.  Lond.,  it  (1854)  p.  67. 

X  'Prooeediogs  of  the  Holmesdale  Natural  History  Club,'  December  12Ui, 
1879. 
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would  be  if  we  had  a  very  dir  hot  snmmer  snoceeding  to  a  spring 
with  less  than  the  nsual  rainfall  it  is  not  pleasant  to  contemplate, 
for  I  am  afraid  it  is  probable  that  the  considerable  redaction  of 
the  volume  of  water  in  proportion  to  the  sewage  would  result  in 
a  concentration  of  the  dissolved  and  suspended  organic  matters, 
which,  gradnallj  rising  in  temperature  from  day  to  day  to  70°  or 
higher,  would  perhaps  almost  suddenly  undergo  a  form  of  putre- 
factive change  resulting  in  the  setting  free  of  large  volumes  of 
highly  fetid  gases,  which  would  poison  the  air  far  and  wide.  Such 
a  Iniknce  i^^  persist  for  wJeks,  and  only  disapnear  when  by 
the  autumn  rams  the  tidal  water  had  become  greatly  diluted  and 
ita  volume  increased  by  fresh  water  pouring  in  from  aboye.  How 
far  such  a  state  of  the  river  would  be  injurious  to  health  it  is 
not  poesible  to  say.  I  do  not  flunk  anything  of  the  kind  upon  so 
large  a  scale  has  ever  happened,  and  any  suggestion  as  to  possible 
danger  to  health,  not  being  backed  by  actual  &cts,  would  only  excite 
counter  observations  and  assertions  as  to  the  excellent  health  enjoyed 
by  those  who  spend  much  of  their  time  in  the  sewers,  and  a  review 
of  fact^  carefully  selected  by  no  impartial  hand,  with  the  object  of 
convincing  people  that  stinks  were  not  unwholesome,  and  that 
possibly  to  the  trained  they  might  be  actually  enjoyable;  that 
the  presence  of  decomposing  animal  and  vegetable  matter  sus- 
pended in  water  was  rather  an  advantage  than  otherwise;  that 
countiess  multitudes  of  harmless  organisms  while  ministering  to 
their  own  enjoyment  and  advantage,  exerted  a  beneficent  influence 
by  appropriating  the  products  of  disintegration  just  prior  to  decom- 
position ;  and  that  upon  the  whole  we  ought  to  consider  ourselves 
fortunate  in  possessing  in  our  midst  a  large  river  reeking  with 
filth,  because  in  this  way  the  noxious  substances  are  slowlv  re- 
solved into  simpler  gaseous  and  soluble  matters  instead  of  the 
whole  contributmg  to  increase  the  already  sufficiently  ample  mud- 
banks,  which — ana  at  a  constantly  accelerating  rate — would  add  to 
the  difficulties  of  navigation,  and  at  length  interfere  with  the 
passage  of  all  but  the  smallest  craft. 

Method  of  Examination. 

The  large  amount  of  gritty  silicious  particles,  as  well  as  their 
considerable  size,  renders  the  examination  of  small  portions  of  mud 
just  as  it  is  obtained  from  the  mud-bank  very  difficult  The  layer 
placed  on  the  glass  slide  and  covered  with  thin  glass  will  be  too 
thick  for  examination  by  any  but  the  lowest  powers,  and  in  con- 
sequence, some  of  the  most  minute  but  most  important  of  the 
constituents  of  the  mud  will  not  be  discerned.  If  a  little  of  any 
specimen  of  mud  be  mixed  with  water,  covered  with  thin  glass,  and 
then  examined  in  the  usual  way,  nothing  but  large  sand-grains. 
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with  here  and  there  black  particles  of  coal  or  carbon,  will  be  seen. 
By  mixing  a  small  portion  of  mud  with  a  considerable  quantity  of 
water,  stirring  it  up,  and  then  pouring  oflf  the  upper  part  of  the 
fluid  after  allowing  a  few  seconds  for  the  subsidence  of  the  heaviest 
and  coarsest  particles,  a  deposit  may  be  obtained  in  a  state  fit  for 
examination  under  tolerably  high  magnifying  powers,  and  if  the 
process  be  repeated  again  and  again,  the  mud  may  be  separated 
mto  seyeral  portions  differing  from  one  another  in  density  and  in 
the  coarseness  of  the  gritty  particles.  But  this  plan  is  found  not 
altogether  satisfactory,  for  many  of  the  organic  substances  in  the 
mud  are  only  imperfectly  seen,  while  it  will  be  impossible  for  the 
obseryer  to  form  any  idea  of  the  relative  proportions  of  the  various 
constituents  of  the  mud  thus  divided  into  separate  portions  differing 
from  one  another  as  regards  the  size  and  Ugntness  of  the  component 
particles. 

After  having  tried  many  different  methods  of  investigation,  I 
found  that  admixture  with  an  equal  quantity  of  glycerine  afforded 
the  best  results.  In  this  process  the  specimen  can  be  kept  for  a 
length  of  time  without  undergoing  change  and  be  submitted  to 
examination  at  intervals.  The  refracting  property  of  the  glycerine 
enables  the  observer  to  make  out  details  of  structure  which  could 
not  be  seen  in  specimens  immersed  in  water,  while  in  each  specimen 
almost  all  the  constituents  of  the  mud  are  rendered  clearer  and 
more  distinct 

Another  important  advantage  is  gained  by  this  method  of 
examination,  inasmuch  as  the  observer  is  able  to  form  a  notion  of 
the  relative  amount  of  the  several  substances  in  each  specimen 
examined,  and  also  the  relative  amount  of  each  in  any  given 
specimen.  By  this  plan  every  constituent  of  the  mud  may  be 
seen  in  one  preparation,  and  specimens  prepared  in  this  manner 
have  the  additional  advantage  of  preserving  their  characters  for 
many  years  without  change. 

If  a  portion  of  the  mud  is  simply  mixed  with  water  and  then 
stirred  up,  the  heavier  particles  allowed  to  settle  while  the  lighter 
ones  are  poured  off  into  another  vessel  and  then  allowed  to  subside, 
a  very  wrong  idea  may  be  formed  of  the  number  of  the  lighter 
substuices  present,  because  nearly  the  whole  of  these  in  the  quantity 
of  mud  operated  upon  may  be  separated,  and  the  microscopical 
specimen  would  in  that  case  appear  as  if  it  consisted  almost  entirely 
of  this  one  class  of  constituent  particles. 

This  paper  is  based  upon  the  results  obtained  by  the  micro- 
scopical examination  of  twenty-five  specimens  of  mud  from  various 
banks  between  Grav^end  and  Ghels^  taken  under  the  direction  of 
Dr.  Gollingridge,  the  Port  of  London  Sanitary  Officer,  in  the  course 
of  an  inquiry  undertaken  at  the  request  of  the  City  of  London  for 
the  purpooe  of  obtaining  evidence  to  bring  before  the  Boyal 
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Oommission  appointed  to  consider  the  question  of  Thames  Pollution* 
I  haye  received  permission  to  communicate  the  results  to  the 
Society,  and  to  publish  them. 

The  observations  made  by  me  relate  chiefly  to  the  organized 
constituents  of  the  sewage  which  can  be  demonstrated  in  tne  mud 
of  the  Thames  by  microscopical  examination.  Many  of  the  particles 
found  in  the  mud  have  been  identified  as  substances  which  had 
entered  into  the  formation  of  human  excrements.  I  have  en- 
deavoured to  ascertain  what  changes  some  of  the  most  important 
of  the  fsecal  constituents  undergo  m  their  passage  from  the  houses 
along  the  drains  into  the  river  until  their  disintegration  is  at  last 
completed  or  they  have  been  deposited  and  form  part  of  the  mud 
banks  of  the  Thames. 

The  broad  and  important  fact  which  is,  in  my  judgment,  fully 
established  by  the  investigation  is  this — that  sevenil  constituents  of 
human  faeces  are  pr^ent  in  all  the  specimens  of  mud  submitted  to 
examination.  The  amount  of  these  differs  considerably,  though  no 
adequate  means  have  been  discovered  of  making  an  accurate 
estimate  of  the  quantity  of  any  one  of  them,  or  of  instituting  more 
than  a  very  rough  comparison  between  the  muds  obtained  from 
different  banks. 

,  It  must  be  borne  in  mind  that  the  river  mud  is  continually 
undergoing  change  in  its  character,  the  surface  of  the  bank  being 
ofken  was>hed  away,  and  old  matters  being  mixed  up  with  the 
elements  of  recent  sewage ;  these  being  deposited  together  in  other 
and  perhaps  distant  banks,  as  determined  by  the  varying  quantity  of 
water,  the  rate  of  its  flow,  and  a  number  of  other  circumstances 
Thus  the  mud  of  any  given  bank  will  vary  considerably  in  its 
characters  at  different  periods  of  the  year,  and  it  is  quite  supposable 
that  a  bank,  which  at  one  time  would  be  found  to  consist  of  nearly 
pure  sand,  at  another  might  seem  to  be  almost  entirely  composed, 
at  least  on  its  surfisu^,  of  the  blackest  and  foulest  organic  matter 
undergoing  rapid  putrefactive  changes. 

It  is  well  known  that  the  quantity  of  organic  matter  in  the 
mud  is  small.  If  a  certain  portion  of  the  mud  be  dried  and  then 
exposed  to  a  red  heat  for  a  time,  the  loss  in  bulk  owing  to  the  total 
destruction  of  the  organic  matter  and  the  dissipation  of  all  volatile 
substances  is  very  slight  On  the  other  hand  it  is  to  be  remarked 
that  .neither  the  disagreeableness  nor  the  danger  to  health  of 
organic  matter  in  a  state  of  decomposition  is  dependent  upon  or 
varies  according  to  the  amount  present.  From  a  quantity  of  certain 
forms  of  organic  matter  so  small  that  it  would  fail  to  turn  the  most 
delicate  balance,  as  for  example  a  fraction  from  the  specimen  of 
sowage  taken  from  an  outfall  near  Trinity  Ballast  Office,  an  odour 
of  a  most  detestable  character  might  emanate  and  be  diffused  over 
a  considerable  area.     But  it  must  be  borne  in  mind  that  as  regards 
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animal  and  organic  poisons  dangerous  to  life,  it  is  an  admitted  fact 
that  a  quantity  easily  carried  by  a  very  small  fly  might  be  suf- 
ficient to  infect  a  considerable  number  of  persons;  and  therefore 
the  fftct  of  the  small  proportion  of  organic  matter  in  the  Thames 
mud  and  in  suspension  in  Thames  water  cannot  reasonably  be 
adduced  as  an  argument  in  favour  of  its  innocuousness  or  of  its 
unimportance.  But  the  relative  proportion  of  the  organic  matter 
as  well  as  its  deleteriousness  no  doubt  varies  greatly  at  different 
times.  I  believe  all  the  specimens  of  mud  examined  by  me  have 
been  taken  when  the  river  was  in  flood,  or  soon  afterwards,  and  at 
a  time  of  the  year  when  putrefactive  decomposition  is  slowest. 
From  the  state  of  things  under  these  favourable  conditions  it  is 
hardly  possible  to  determine  how  very  unsatisfactory  might  be  the 
state  of  the  mud  and  of  the  river  in  hot  dry  weather.  Year  by 
year  the  actual  quantity  of  sewage  must  increase,  while  the  amount 
of  water  remains  the  same.  In  recent  years  the  amount  of  water 
in  the  river  and  the  rainfall  have  been  above  the  average.  At  this 
time  (November-December  1882)  the  degree  of  dilution  is  no  doubt 
ample  in  proportion  to  the  amount  of  sewage  flowing  into  the  river, 
but  even  under  these  favourable  conditions  disintegration  is  a  very 
slow  process.  As  the  sewage  poured  into  the  Thames  remains 
diffused  in  the  water  for  a  substantial  time,  at  some  periods  of  the 
year  the  putrefying  sewage  will  be  in  too  large  a  quantity  in 

Sroportion  to  the  water  in  which  it  is  suspended  to  be  properly 
isintegrated  and  oxidized,  and  in  too  concentrated  a  form  to  l>e 
appropriated  by  living  animals. 

Constituents  of  Food  found  in  Thames  Mud. 

Of  the  constituents  of  human  food  altered  by  the  process  of 
digestion  and  by  subsequent  maceration  and  disintegration,  and 
by  oxidation,  not  a  few  are  to  be  found  in  the  mud  of  the 
Thames,  deposited  from  the  water  as  it  flows  up  and  down  the 
river.  It  might  be  supposed  that  in  consequence  of  the  long 
distance  traversed  in  the  sewers  and  the  length  of  time  during 
which  they  are  suspended  in  the  tidal  water,  few  of  the  matters  in 
Question  would  be  obtained  from  the  mud-banks  in  a  state  in  which 
they  could  be  recognized  with  any  certainty  by  microscopical  ex- 
anunation.  But  in  &ct  a  number  of  bodies  with  well-marked  and 
unmistakable  characters  have  been  found.  Among  these  may  be 
mentioned  starch-granules,  fragments  of  vegetable  tissue,  large 
spiral  fibres  of  various  plants,  but  particularly  of  common  cabbage, 
all  of  which  have  already  passed  through  the  alimentary  canal. 
Tea-leaves,  fragments  of  cooKed  muscular  tissue  and  yellow  elastic 
tissue  in  a  state  in  which  one  often  finds  them  in  faecal  matter, 
ootton  fibres,  probably  from  paper,  fiatty  matter,  and  crystals  of 


8  Tranaadions  of  fhe  Society. 

UMj  acids.  Eyen  blood-corpnsdes  of  man  or  of  one  of  the  higher 
aniTnalfl  have  been  detected  in  the  mnd,  haying  withstood  all  the 
destmctiye  agencies  to  which  they  haye  been  exposed  daring 
probably  many  months.  Fragments  of  paper  and  rags  and  many 
other  thin^  are  also  present,  but  it  is  to  those  substances  which 
are  found  in  the  excrements  that  my  attention  has  mainly  been 
directed. 

Fragments  of  Vegetable  Tiseue  in  Thamee  Mud. 

In  eyery  specimen  of  mud  examined  many  fragments  of  yege- 
table  tissue  haye  been  found,  but  considerable  yariation  exists  in 
different  banks,  both  as  regards  the  character  as  well  as  the 
quantity  of  yegetable  tissue  present.  Some  of  the  fragments  of 
yegetable  tissue  found  in  the  mud  of  the  Thames  are  doubtless 
deriyed  from  plants  which  grow  on  the  banks,  and  which  in  yarious 
ways  and  from  many  sources  find  their  way  into  the  riyer;  but 
that  the  great  majority  of  Efuch  fragments  are  deriyed  from  the 
sewage  and  haye  already  passed  through  the  alimentary  canal  is 

{royed  by  the  yellow  colour  they  haye  taken  from  the  fee^  matter, 
f  healthy  faeces  be  examined  after  a  person  has  eaten  a  quantity 
of  cabbage  or  other  yegetable,  many  fragments  of  yegetable  tissue 
stained  of  a  deep  yellow  colour  will  be  found,  and  the  appearance 
of  these  is  yery  similar  to  that  of  many  of  the  fragments  seen  in 
my  specimens  of  mud  taken  from  the  mud-banks.  It  is  remarkable 
that,  in  its  passage  through  the  intestines,  colourless  greenish  or 
pale-brown  yegetable  tissue  becomes  infiltrated  with  yellow  colouring 
matter,  and  is  thus  sometimes  deeply  stained  of  a  bright  yellow, 
and  tins  stain  is  yery  persistent. 

Spiral  Vessels. 

In  nearly  all  the  specimens  of  mud  I  haye  examined  I  haye 
found  fragments  of  spiral  yessels,  many  of  which  are  yery  large  and 
of  great  length.  The  majority  are  undoubtedly  deriyed  from  the 
common  cabbage,  while  some  are  clearly  connected  with  portions  of 
tea-leayes,  of  which  numerous  fragments  haye  been  discoyered  in 
most  of  the  specimens  submitted  to  examination. 

If  a  portion  of  the  stem  of  a  weU-boiled  cabbage-leaf  be  ex- 
amined numerous  large  spiral  yessels  exactly  like  those  I  haye 
found  in  the  mud  will  be  discoyered.  In  most  of  them  the  mem- 
brane of  the  yessel  is  destroyed  or  so  softened  by  boiling  that  the 
spiral  fibre  protrudes,  and  in  many  cases  is  almost  entirely  un- 
coiled. On  comparing  these  spiral  fibres  with  niany  of  those  in 
the  mud  the  similarity  will  be  at  once  recognized.  The  resisting 
power  of  the  spiral  fibre  is  shown  by  the  fact  of  its  retaining  its 
remarkable  characters  not  only  after  prolonged  boiUng,  but  after  it 
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has  been  exposed  to  the  action  of  the  digestive  fluids  poured  into 
different  parts  of  the  alimentary  canal,  after  it  has  passed  through 
the  sewers,  and  after  it  has  been  carried  backwards  and  forwards  by 
the  tide,  and  exposed  perhaps  for  months  to  various  disintegrating 
actions  constantly  takmg  place  on  the  mud-banks  of  the  1  hames. 
Spiral  vessels,  plate  I.  figs.  1  c*,  2 ;  plate  II.  figs.  4  0,  8 ;  plate  III. 
fig.  11 ;  plate  IV.  figs.  13  c,  14. 

Starch-Granules. 

In  several  specimens  of  mud  I  have  found  starch-grains,  and 
have  been  able  to  distinguish  wheat  starch,  potato  starch,  and  rice 
starch  by  the  shape  and  size  of  the  grains  and  by  the  action  of 
iodine.  Many  specimens  of  wheat  sturch  are  much  altered,  and 
look  as  if  paji;ly  digested.  These  I  think  have  probably  been 
derived  from  bread,  and  have  passed  through  the  alimentary  canaL 
Starch  has  also  been  found  in  many  cells  of  vegetable  tissue,  the 
exact  nature  of  which  I  have  not  been  able  to  determine. 

Muscular  Fibres. 

In  ahnoet  every  specimen  of  Thames  mud  examined  by  me 
muscular  fibres  or  bodies  which  were  recognized  as  the  result  of 
changes  in  muscular  fibres  were  found.  The  fragments  varied  much 
in  number  as  well  as  in  size  in  different  specimens  of  mud,  but 
were  most  numerous  and  the  anatomical  characters  of  the  fibres 
most  distinct  in  the  sewage  taken  direct  from  the  mouth  of  the 
sewer  and  in  the  muds  near  the  outfSEdl.  Many  of  the  fibres  were 
firm  and  hard,  and  had  all  the  character  of  muscular  fibres  which 
had  escaped  the  action  of  the  digestive  fluids  in  their  passage  along 
the  alimentary  canal,  and  whicn  are  very  frequently,  though  not 
constantly,  found  in  fisecal  matter.  The  fibres  in  question  are  for 
the  most  part  derived  from  beef.  It  is  most  interesting  to  study 
the  changes  which  may  be  observed  in  the  character  of  tne  fibre  as 
it  passes  from  the  condition  in  which  it  is  found  in  recent  faeces, 
with  its  well-known  and  remarkably  well-marked  anatomical  cha- 
racters, to  its  final  disintegration  in  the  river  and  on  the  mud- 
banks  of  the  lliames.  Some  of  the  most  remarkable  alterations  in 
the  microscopical  characters  of  the  fibres  are  illustrated  in  my 
preparations  and  represented  in  my  drawings.  In  fresh  faecal 
matter  some  of  the  fibres  exhibit  the  ordinary  character  of  coagu- 
lated and  well-cooked  muscle  tissue  which  has  escaped  the  action 
of  the  gastric  juice  and  intestinal  fluids.  The  transverse  markings 
are  very  distinct  and  are  sharply  defined,  the  fibres  are  firm  and 
hardy  and  bear  considerable  pressure  without  being  damaged. 

In  other  specimens  the  action  of  the  digestive  flaids  upon  the 
fibres  is  very  manifest,  all  appearance  of  transverse  striae  bemg  lost 
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and  the  Bnbfitance  of  the  fibre  appearing  clear  and  jelly-like  and  of 
a  fidnt  yellow  colour.  Some  of  these  transparent  yellow  masses 
are  evidently  undergoing  disintegration  and  are  perraded  by  minute 
granules.  Actual  bacteria,  which  are  active  agents  in  destruction, 
are  also  often  present  in  great  numbers.  In  the  muds  of  different 
banks  it  is  not  difficult  to  find  examples  of  muscular  fibre  which 
illustrate  every  stage  of  disintegration  up  to  the  final  conversion  of 
the  substance  of  the  fibre  into  adipocere.  Some  of  the  fibres  are 
probably  softened  at  the  time  they  leave  the  body.  These  are  soon 
further  disintegrated,  siUcious  and  other  particles  adhering  to  them ; 
and  the  compound  masses  thus  formed  are  s^radually  and  at  length 
oompletely^integrated.  Fragments  of  m^ular  fibres  in  varions 
stages  of  disintegration  are  represented  in  plate  I.  fig.  la;  plate  II. 
figs.  4 a, 6 a,  7;  plate  III. figs.  9, 12a,  13  a*;  plate  lY.  figs.  12a, 
16  a*,  17  a. 

Yellow  Elastic  Tissue. 

Many  fragments  of  different  kinds  of  yellow  elastic  tissue  are 
found  in  the  mud-banks  of  the  Thames.  This  substance  long 
resists  decomposition,  and  it  is  probable  that  many  months  or 
even  years  nS^elapse  before  soL  of  the  firmest/particles  are 
completely  disintegrated.  The  characters  of  elastic  tissue  vary 
according  to  the  texture  from  which  it  has  been  derived.  The 
fibres  differ  so  much  in  structural  peculiarities  that  it  is  often 
possible  by  microscopical  examination  to  say  whence  they  had 
been  derived.  I  have  identified  fibres  irom  the  ligament  of  the 
neck,  probably  of  the  sheep,  yellow  elastic  tissue  arranged  as  a 
network  from  the  coats  of  a  large  artery  from  the  same  animal, 
fibres  from  the  lung  and  from  the  areolar  tissue  of  the  body.  Not 
only  so  but  some  of  the  yellow  elastic  fibres  in  my  specimens 
exl^bit  those  peculiar  transyerse  markings  which  show  the  fibres 
to  be  old  ana  also  indicate  that  they  have  been  well  cooked. 
(Plate  IV.  figs.  13/,  16/.)  Yellow  elastic  tissue,  it  seems,  passes 
through  the  alimentary  canal  without  being  acted  upon  by  the 
digestive  fluids  and  is  therefore  always  found  in  the  faeces  when  it 
has  been  taken  with  the  food.  Portions  of  yellow  elastic  tissue 
are  represented  in  plate  I.  fig.  1  /;  plate  II.  figs.  4  /  6  /; 
plate  III.  fig.  14/;  plate  IV.  figs.  11,  13/  16/ 

Yellow  Faecal  Masses. 

Among  the  most  striking  constituents  of  Thames  mud  are 
yellow  granular  masses  varymg  much  in  size.  The  smallest  of 
them  are  mere  granules  or  small  collections  of  very  minute 
granules,  and  less  than  1/100,000  of  an  inch  in  diameter,  the 
kurgest  as  much  as  the  1/50  of  an  inch  in  diameter  or  even  more. 
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These  yellow  masses  have  been  described  by  Dr.  Tidy  in  a  Beport 
to  the  Gonserrators  of  the  river  Thames,  written  in  the  year  1881. 

The  colour  of  these  masses  yaries  from  a  doll  or  dirty  brown  to 
a  bright  yellow  colour.  Some  are  smooth  and  homogeneous  in 
parts,  others  rough  and  irregular  containing  particles  of  many 
oifierent  kinds,  some  of  which  have  been  associated  with  the  yellow 
matter  from  the  first,  while  others  have  been  added  while  tiie 
matter  was  in  the  sewer  or  in  the  river. 

As  portions  of  fsBcal  matter  are  driven  backwards  and  forwards 
by  the  tide,  besides  undergoing  disintegration  as  has  been  already 
described,  the  opposite  process  of  integration  is  also  going  on.  The 
collection  and  aggregation  of  particles  of  many  different  kinds  to 
form  oval  masses  is  always  takmg  place.  These  composite  masses 
consist  of  numerous  minute  particles  of  sand,  many  fragments  of 
carbon,  small  portions  of  diatoms,  oil-globules,  fatty  acids,  and 
many  other  thmgs  apparently  cemented  together  by  the  yellow 
viscid  substance  which  forms  an  important  constituent  of  feeces. 
Many  of  these  compound  masses  are  as  much  as  the  1/50  of  an  inch 
in  diameter. 

Incessant  changes,  mechanical  as  well  as  chemical,  are  con- 
tinually proceeding  in  the  organic  matter  of  sewage,  but,  as  has 
been  diown,  these  chauges  are  not  purely  destructive  and  dis- 
integrative. 

It  may  be  said  that  all  the  animal  and  vegetable  tissue  and 
other  constituents  of  feeces  with  actual  faecal  matter  present,  do  no 
harm  because  they  are  constantly  being  disintegrated,  while  many 
low  vegetable  and  animal  organisms  live  at  their  expense  and  grow 
and  multiply  exceedingly  and  consume  them.  It  may  be  said  that 
by  these  means  and  by  oxidizing  and  other  disintegrating  processes, 
all  the  organic  matters  present  in  sewage  are  gradually  resolved  into 
substances  which  are  not  in  the  least  degree  deleterious  either  to 
fishes  and  other  organisms  living  in  the  water  of  the  Thames  or  to 
the  inhabitants  of  the  houses  near  the  river.  Such  statements  may 
be  made  and  supported  by  facts.  Arguments  telling  in  the  same 
direction  may  be  freely  admitted  without  the  strong  objections  to  the 
presence  of  these  things  in  a  tidal  river  being  in  the  slightest  degree 
diminished,  much  less  removed.  Yellow  fieecal  masses  of  various 
sizes  are  seen  in  plate  1.  figs.  1  h,  3  h  h;  plate  II.  fig.  4  A  * 
plate  III.  fig.  15  h;  plate  IV.  figs.  12  h,  19. 

Fatty  Matter  J  Od-glohides  and  Fatty  Acids, 

The  jGeitty  matter  varied  much  in  dificrent  specimens  of  mud.  It 
existed  in  the  form  of  amorphous  granules,  in  globules,  and  as 
crystalline  particles  probably  consistmg  of  fatty  acids  set  free  in 
consequence  of  decomposition.    Many  compound  masses  were  made 
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up  of  grannlefl  and  globules  of  oily  matter,  minute  granules  of 
silicious  and  other  inorganic  substances,  fragments  of  vegetable 
tissue,  starch-globules,  all  connected  together  by  a  viscid  cementing 
substance  of  a  yellowish  colour  which  was  probably  the  faecal 
matter  already  referred  to. 

Such  complex  masses  no  doubt  slowly  undergo  disintegration. 
By  mere  attntion  the  organic  matter  on  the  surface  would  be 
gnidually  removed  and  would  form  at  length  a  very  fine  mud 
which  would  slowly  settle,  while  probably  a  smaller  portion  would 
be  subjected  to  chemical  change  and  be  ultimately  dissolved. 
Fatty  matter  and  crystals  of  mtty  acids  are  seen  in  plate  I. 
figs.  ld,S;  plate  II.  fig.  6  (2;  plate  III.  figs.  10,  13  d. 

Particles  of  Soot  and  Goal. 

There  is  no  difficulty  in  discovering  minute  pieces  of  coal  in 
the  mud,  and  in  some  instances  I  have  found  indications  of 
vegetable  structure  in  the  sections  and  delicate  fragments  of  coal 
which  have  accidentally  resulted  from  the  action  of  the  water  and 
the  rubbing  together  of  particles  as  they  were  driven  backwards  and 
forwards  by  the  current. 

Much  of  the  soft  black  matter  present  in  the  mud  is  no  doubt 
soot.  Even  particles  of  siUca  are  sometimes  found  soot-stained. 
Perhaps  such  black  sand  is  derived  from  the  smoke-impregnated 
granite  debris  of  the  macadamized  roads.  Black  particles  of  coal 
and  other  forms  of  carbon  are  represented  in  plate  L  fig.  1  d^ ; 
plate  IV.  figs.  10  0, 16  o,  17  o,  18. 

Diatoms. 

More  than  100  different  species  of  diatoms  are  found  in  the 
Thames,  some  being  peculiar  to  fresh  water,  some  to  salt  water, 
while  the  natural  habitat  of  some  specimens  seems  to  be  water 
which  is  always  brackish. 

The  silicious  skeletons  of  the  valves  of  diatoms  that  have  died, 
and  multitudes  of  fragments  of  valves  in  every  degree  of  disintegra- 
tion are  found  in  Thames  mud.  After  the  removal  of  the  particles 
of  sand  a  considerable  portion  of  the  inorganic  matter  of  the  mud 
that  remains  probably  consists  of  the  debris  of  the  valves  or  sheUs 
of  these  organisms. 

As  long  ago  as  1853  Mr.  F.  0.  S.  Boper  published  some 
interesting  observations  on  the  '  Diatomacese  of  the  Thames '  * 
and  gave  a  list  of  104  species  from  the  mud  of  the  Isle  of  Dogs 
alone.    Of  these  30  are  decidedly  marine,  29  belong  to  brackish 

♦  Trans.  Micr.  Soo.  Lond.,  ii  (1854)  p.  67. 
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water,  and  the  remaining  45  are  fresh-water  species.  As  would 
be  supposed,  some  of  the  marine  species  are  carried  up  the 
river,  and  the  fresh-water  species  downwards  towards  the  sea* 
Mr.  Boper  found  marine  species  at  Hammersmith,  but  very  few 
fresh-water  species  were  met  with  as  low  as  Gravesend.  ''At 
Gravesend,  out  of  47  specimens  8  only  are  decidedly  peculiar  to 
fresh  wat^,  whilst  at  Hammersmith  we  find  there  are  29  fresh- 
water species  out  of  a  total  of  43,  showing  however  that  the 
influence  of  the  flood  tide,  even  at  that  distance  from  the  sea,  gives 
a  decided  character  to  the  diatomaceae  deposited  by  the  water." 

Of  the  diatoms  met  with  in  Thames  mud,  some  are  found  in  a 
living  state,  but  the  majority  are  not  only  dead  but  they  do  not 
belong  to  the  particular  locaUty  where  their  remains  have  been  dis- 
covered. The  silicious  shells  or  valves  of  these  organisms  are  very 
light  and  are  often  transported  long  distances.  Suspended  in 
tl^  moving  water,  many  pass  up  and  down  the  river  and  probably 
form  a  part  now  of  this  bank,  now  of  that  By  this  continual 
movement,  and  by  rubbing  against  sharp  particles  of  sand  and  by 
being  buried  in  it,  and  then  again  disturbed,  such  delicate  structures 
necessarily  become  disintegrated,  and  are  at  last  broken  into  those 
very  minute  siUcious  fragments  which  exist  in  great  numbers  in 
the  mud  of  all  the  mud-banks  examined. 

^lud-banks,  especially  on  the  surface,  are  in  a  state  of  constant 
change.  Formation  and  destruction,  accretion  and  disintegration 
are  continual,  and,  when  the  fsicts  are  considered,  one  cannot  feel 
surprised  that  organisms  which  are  formed  high  up  or  low  down 
the  river,  or  at  least  parts  of  them,  should  eventually  be  discovered 
in  a  resting  place  at  a  long  distance  from  the  seat  of  their  deve- 
lopment Bodies  formed  high  up  the  stream  may  be  deposited  at 
its  mouth,  and  those  which  inhabit  the  sea  or  brackish  water  may 
be  carried  far  up  into  the  region  traversed  by  and  exposed  to  the 
action  of  fresh  water  only.  In  fact,  the  ascent  and  descent  of 
Ught  particles  is  clearly  shown  by  the  distribution  of  the  diatoms 
on  the  banks  in  diflerent  parts  of  the  river,  and  this  fact  alone 
would  render  it  certain  that  many  of  the  constituents  of  sewage 
would  in  like  manner  be  carried  up  and  dovm  bv  the  tide,  and  that 
some  would  be  found  a  long  way  from  the  point  where  they  first 
entered  the  Thame& 

Bacteria. 

are  found  in  immense  numbers  in  all  the  muds  I  have  examined, 
and  exist  in  multitudes  in  Thames  water,  and  in  connection  with 
all  the  particles  of  organic  matter  held  in  suspension  in  the  water, 
or  whidi  have  subsided  to  the  bottom,  or  have  fallen  on  the  leaves 
at  plants  or  other  objects  which  have  prevented  their  further  sub- 
sidence.    Bacteria  are  so  very  minute  that  they  may  easily  be 


14  Transactions  of  the  Society. 

passed  over  nnless  a  very  thin  stratum  of  the  fluid  which  holds 
them  in  suspension  he  examined.  Though  so  small,  they  are 
*  probably  bodies  of  the  very  highest  importance  in  the  disintegra- 
tion of  sewage  compounds.  The  germs  of  these  organisms  are 
excessively  minute,  many  being  less  than  the  1/100,000  of  an  in. 
in  diameter,  whilst  the  smallest  are  probably  not  to  be  seen  when 
amplified  by  the  highest  magnifying  powers  at  our  disposal  So 
very  small  are  they  that  they  must  grow  for  some  time  fefore  they 
are  of  a  size  sufficient  to  be  rendered  visible  by  an  objective  whicn 
magnifies  upwards  of  5000  diameters.  Bacteria  germs  exist 
everywhere  m  countless  multitudes,  not  only  in  air  and  in  water 
and  on  the  surface  of  every  kind  of  matter,  out  in  the  interior  of 
bodies  living  as  well  as  non-Uving  wherever  fissures  exist,  and 
chinks  are  seldom  absent  through  which  germs  so  minute  can  pass. 
Not  only  are  bacteria  always  to  be  found  upon  every  part  of  the 
surface  of  all  hving  beings,  but  they  exist  within  the  blood,  and  in 
the  very  substance  of  the  tissues  however  distant  from  the  external 
sur&ce  of  the  body,  and  however  far  from  any  direct  communica- 
tion with  the  outside  air.  In  all  animals  and  in  all  plants,  at  all 
temperatures  consistent  with  life — in  every  part  of  the  world — 
bacteria  are  living  at  this  moment,  and  they  nave  lived,  and  pro- 
bably in  the  same  way  as  they  live  now,  in  every  period  of  the 
world's  history  from  the  earliest  dawn  of  life.  Soon  afker  the 
death,  and  in  many  instances  long  before  the  death  of  a  man  or  an 
animal  has  taken  place,  the  bacteria  ^erms,  which  have  been 
dormant  in  the  tissues  and  fluids,  begm  to  grow  and  multiply 
enormously,  so  that  in  a  very  short  time  every  part  is  freely  per- 
vaded with  countless  hosts  which  soon  stop  all  orainary  action  and 
eSsce  all  characteristic  structure.  Then  begins  that  long  series  of 
changes  which  ends  at  last  in  the  formation  of  producte  of  com- 
paratively simple  character  and  very  stable  nature. 

Extremely  minute  division  of  the  organic  matter  of  sewage 
and  its  equable  difiusion  through  a  large  volume  of  water  in 
constant  motion  are  favourable  to  the  conversion  by  bacteria,  of 
noxious  matter  into  chemical  compounds,  which  are  inodorous  and 
harmless,  and  which  undergo  but  slight  change  whether  moist  or 
dry,  and  which  are  usually  at  last  disposed  of  by  becoming  the 
food  of  plants.  In  the  case  of  sewage  this  desirable  change  into 
innocuous  compounds  is  rendered  very  slow  in  consequence  of  the 
matter  not  bemg  spread  out  in  a  sufficiently  thin  layer  to  be 
quickly  appropriated  by  the  bacteria. 

The  rate  of  growth  and  multipUcation  of  bacteria  varies  greatly 
at  different  periods  of  the  year.  These  organisms  are  not 
destroyed  by  ordinary  cold ;  nay,  there  is  evidence  that  bacteria 
multiply  after  having  been  enosed  even  to  intense  cold,  but  of 
course  very  slowly  as  compared  with  their  rate  of  inerrease  under 
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&YOiirable  conditions.  The  changes  effected  by  them  on  the 
products  resulting  from  the  death  of  man,  the  higher  animals, 
and  plants,  are,  and  probably  have  ever  b^n,  the  same  in  their 
essential  nature  at  all  times,  bat  a  longer  time  is  required  for  the 
completion  of  the  changes  in  cold  than  in  warm  weather. 

Although  chemical  change,  irrespective  of  the  action  of  Hying 
forms,  and  especially  the  action  of  oxygen,  undoubtedly  plays  an 
important  part  in  the  disintegration  and  reduction  to  smipler  and 
more  stable  compounds  of  some  of  the  constituents  of  sewage, 
particularly  the  excrementitious  matters  of  the  human  body,  by  far 
the  most  extensiye  changes,  and  those  effected  on  the  largest  scale, 
are  brought  about  by  these  minute  organisms.  Bacteria  are  among 
the  lowest  and  simplest  hying  forms  in  nature,  and  as  I  have  men- 
tioned are  uniyersally  present,  or  at  least  are  to  be  found  whereyer 
moisture-laden  air  exists.  Some  forms  of  these  bodies  do  not  eyen 
require  oxygen  for  their  subsistence.  They  can  liye  in  nitrogen, 
carbonic  acid,  and  probably  in  gases  of  the  most  poisonous  and 
deleterious  character  for  a  length  of  time,  though  they  do  not 
grow  and  multiply  quickly  until  conditions  fiayourable  to  them  are 
established. 

In  the  present  state  of  knowledge  it  is  not  possible  to  explain 
precisely  how  these  organisms  act  upon  the  offensive  sewage 
matter,  but  it  is  probable  that  as  they  grow  and  multiply  they 
actually  feed  upon  and  consume  the  noxious  material.      After 
hying  its  life  the  bacterium  dies,  and  the  products  arising  from  its 
decay  and  disintegration  are  harmless  indeed  as  compared  with 
the  substances  upon  which  it  has  fed,  and  which  for  the  most  part 
it  is  our  great  anxiety  to  be  rid  of.    The  matters  resulting  from 
the  disintegration  of  bacteria  in  turn  become  the  food  of  plants. 
If  not  taken  up  by  vegetation  these  compounds  would  remain 
paBsive  as  a  sou  brown  granular  material  which  is  stable,  and 
undergoes  scarcely  any  change  whether  it  remains  constantly 
moist,  as  in  mud,  or  sometimes  dry  and  sometimes  wet  as  the 
humus  of  earth.    Few  organic  substances  undergo  so  Uttle  change 
from  century  to  century,  nay,  from  age  to  age,  as  for  instance 
those  products  of  plant  decay  which  constitute  the  principal  con- 
stituents of  various  kinds  of  peat     The  same  may  oe  saia  of  the 
last  products  of  the  decay  of  animal  matter.      For  after  the 
offensive  gases  which  characterize  the  ordinary  putrefEictive  change 
of  animal  matter  have  been  evolved,  and  the  putrefactive  process 
has  run  its  course,  slow  evaporation  takes  place,  and,  after  hundreds 
and  thousands  of  generations  of  bacteria  nave  passed  through  the 
several  phases  of  existence  and  have  died,  there  results  a  brown 
substance  which  preserves  its  characters  for  centuries,  and  probably 
undergoes  no  further  change  at  ordinary  temperatures. 

In  the  disintegration  of  the  substances  resulting  from  the  death 
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of  the  higher  plants  and  animals  there  is  no  donbt  that  many 
forms  of  Ufe  take  part,  bat  when  at  length  these  have  lired  and 
disappeared,  bacteria  continue  the  processes,  and  it  is,  as  I  have 
remarked,  by  their  action  that  the  organic  matter  is  caused  to 
assume  its  final  form  in  which  it  may  remain  for  any  period  inno- 
cuous to  all  forms  of  Ufa  The  brown  matter  which  remains  after 
decay  has  run  its  course,  consists  mainly  of  the  lifeless  remains  of 
bacteria. 

Disintegration  by  bacteria  begins  in  the  living  organism  itself. 
There  is  no  part  of  the  alimentturjr  canal  or  of  any  of  the  ducts, 
tubes,  or  cayities  opening  into  it,  in  which  multitudes  of  these 
organisms,  ^wing  and  multiplying  in  countless  miUions,  cannot 
and  at  all  tunes  be  found.  It  has  undoubtedly  been  assumed  by 
many  observers  that  whenever  bacteria  are  discovered  in  the 
caTities.  tiaauee,  and  organs  of  Hving  animak  they  have  been 
introduced  from  without.  But  the  assumption  and  the  conclusions 
based  upon  it  are  erroneous,  as  any  one  who  will  make  the  investi- 
gation with  due  care  may  easily  convince  himself.  In  the  cavity 
of  the  mouth  they  are  always  and  in  all  states  of  health  in  all 
animals  growing  and  multiplying  excessively.  Even  in  the 
interior  of  the  cells  of  plants,  cab^ges,  lettuces,  watercresses,  &c., 
as  well  as  in  the  interstices  of  the  inmost  tissues  of  the  higher 
animals  and  of  man,  they  or  their  germs  exist,  and  when  the  con- 
ditions  become  favourable,  they  grow  and  multiply  in  enormous 
numbers.  Many  of  the  bacteria  present  in  the  water  and  in  the 
mud  of  the  river  have  no  doubt  been  derived  firom  bacteria  which 
existed  in  the  excrementitious  matter  before  it  left  the  organism 
in  which  it  was  formed.  These  probably  ^o  on  growing  and 
multiplying  in  the  organic  matter  while  in  the  Thames,  and  are 
not  the  least  important  agents  m  its  disintegration  and  ultimate 
resolution  into  harmless  compounds. 

Practical  Cormderations, 

In  conclusion,  I  shall  venture  to  make  a  few  observations  con- 
cerning the  practical  inferences  which  are  suggested  by  the  present 
inquiry.  Although  no  doubt  a  physician  is  likely  to  take  a 
rather  limited,  feagmentary,  and  possibly  not  impartial  view  of 
many  of  the  most  important  matters  wmch  bear  upon  the  great 
question  of  the  proper  disposal  of  sewage,  while  to  e£fectually 
grapple  with  the  difficulties,  engineering  knowledge  and  skill  are 
required  which  none  but  the  trained  engineer  can  possess,  it  neverthe- 
less seems  permissible,  and  since  no  harm  can  thereby  result,  I  think 
it  may  be  desirable  that  those  engaged  in  other  departments  of  the 
inquiry  should  briefly  give  expression  to  their  views.  The  subject 
is  one  which  cannot  receive  too  mudi  consideration  before  the  mode 
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in  which  it  is  to  be  practically  dealt  with  is  decided.  I  have  often 
wondered  whether,  besides  the  Thames,  there  is  another  river  in  the 
world,  on  the  mnd-banks  of  which  conld  be  found  in  e^ual  quantity, 
particles  of  fsecal  matter,  fragments  of  muscular  fibre  m  every  stage 
of  disintegration,  fibres  of  yellow  elastic  tissue,  spiral  fibres  from 
vegetables,  and  many  other  constituents  of  food  wnich  have  passed 
through  the  human  intestinal  canal,  with  other  organic  matters  in  a 
state  of  decomposition,  discharged  as  sewage,  to  undergo  disin- 
tegration in  the  river,  and  there  become  resolved  at  last  into  liarmlees* 
matter. 

It  is  said  with  truth  that  London  is  the  healthiest  city  in  the 
world,  but  the  possibiUty  that  our  river  may  any  summer  seriously 
damage  our  reputation  must  not  be  lost  sight  of:  year  by  year 
the  proportion  of  sewage  to  the  water  increases,  and  the  particular 
point  at  which  the  sewage  contamination  becomes  dangerous  to 
nealth  is  unknown,  for  there  is  no  experience  to  guide  us,  while  so 
many  circumstances  contribute  to  the  maintenance  of  ite  present 
harmless  condition  on  the  one  hand,  and  such  comparatively  slight 
d^Muiures  from  the  ordinary  conditions  might  cause  disaster  on  the 
other,  that  the  problem  is  one  of  the  most  complex  and  difiicult 
that  could  be  presented  for  solution ;  while  it  is  doubtful  whether 
the  precise  changes  that  would  endanger  the  public  health  could  be 
discovered  by  experiment  and  determined  beforehand.  In  tact  there 
is  much  uncertamty,  though  little  ground  for  satisfiEustion. 

Granting  for  a  moment  the  correctness  of  all  that  has  been  said 
in  favour  of  the  state  of  the  river  at  this  time,  granting  that  at 
present  the  sewage  is  carried  away,  there  remains  the  important 
question  whether  without  very  considerable  changes  the  removal  of 
tne  sewage  in  the  course  of  a  few  years  will  be  as  efficiently 
carried  out  as  it  is  now.  The  amount  of  sewage  is  constantly  in- 
creasing, the  amount  of  water  by  which  it  is  diluted  remains  the 
same.  Must  not  the  time  come  when  the  proportion  of  sewage  to 
the  water  becomes  so  large  that  its  disintegration  and  harmless 
decomposition  within  the  proper  time  will  be  impossible  ? 

As  long  as  the  sewage  is  passed  into  and  immediately  mixed 
with  a  very  large  volume  of  water,  our  drainage  system  is  no  doubt 
very  efiective,  possibly  as  near  perfection  as  can  be  expected  in 
a  case  where  we  removal  of  the  sewage  of  a  population  of  four 
millions  has  to  be  provided  for.  During  the  greater  part  of  the 
year  the  sewage  is  no  doubt  sufficiently  diluted  as  it  passes  along  the 
sewers,  while  these  are  well  scoured  by  the  flow  through  them ;  but 
when  Uttle  rain-water  is  added  to  the  water  supplied  by  the  com- 
panies, what  will  be  the  state  of  the  sewage  ?  So  far,  therefore,  from 
the  surfiu»  rain-water  being  diverted  and  prevented  from  passing 
into  the  sewers,  every  arrangement  ought  to  be  made  to  facilitate 
its  flow  into  and  exit  from  wem. 

8«r.  2.— Vol.  IV.  0 
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The  smell  of  the  river  and  of  the  mud  some  years  ago,  when 
the  amount  of  sewage  ponred  into  the  lliames  probably  did  not 
amount  to  more  than  half  the  Quantity  now  traversing  the  sewers^ 
perhaps  affords  some  idea  of  wnat  might  happen  if  the  conditions 
uiTourable  to  the  development  of  smell  were  repeated  and  aug- 
mented in  intensity,  as  will  probably  obtain  when  a  very  dry  hot 
summer  follows  a  winter  and  spring  in  which  the  rainfsJl  shall 
have  been  considerably  less  than  the  average,  unless  in  the  mean- 
time some  more  effectual  and  quicker  means  of  disposal  of  the 
colossal  amount  of  the  sewage  should  be  discovered  and  carried  into 
practice.  As  London  increases,  therefore,  every  effort  should  be 
made  to  keep  up  and  increase  the  amount  of  water  mixed  with  the 
sewage  at  its  source  so  that  it  may  attain  the  greatest  degree  of 
dilution  that  is  practicable  during  itR  transit  along  the  sewers. 

Any  one  who  has  seen  the  vaist  volumes  of  water  in  the  upper 
Thames  during  the  time  of  flood  will  be  convinced  that  there  is  water 
and  more  than  enough  to  flush  the  sewers  of  a  city  even  consider- 
ably larger  than  London.  If  only  a  small  portion  of  this  vast 
quantity  of  wasted  water  could  be  husbanded  till  the  time  approaches 
when  the  amount  at  our  disposal  for  diluting  the  sewage  could  be 
thus  supplemented,  the  efficiency  of  the  present  system  would 
doubtless  be  greatly  increased.  Unless  the  plan  for  dealing  with 
the  sewage  can  be  completely  changed,  it  will  be  necessary,  as  time 
goes  on,  to  further  enlarge  the  present  sewers,  to  divert  mto  them 
sewage  which  even  now  finds  its  way  into  some  of  the  tribu- 
taries of  the  Thames,  and  to  carry  further  and  further  towards 
the  sea  the  mains  which  receive  the  sewage  and  drainage  collected 
from  that  increasing  area  included  in  Greater  London.  That  such 
operations  would  entail  vast  and  lasting  expenditure  is  obvious,  but 
basing  our  conclusion  on  the  practical  results  achieved  during  the 
past  tnirty  years  and  more,  is  it  not  highly  probable  that  all  that 
can  be  desired  would  be  gained  ?  On  the  other  hand,  it  may  be 
asked  which  of  the  several  other  suggested  schemes  of  sewage 
disposal  has  been  found  to  succeed  on  a  sufficiently  large  scale, 
and  for  a  sufficient  length  of  time,  to  justify  its  adoption  in  place 
of  the  main  drainage  system  now  in  operation  ? 

By  mixing  sewage  with  large  quantities  of  water  the  gradual 
disintegration  and  oxidation  of  many  of  its  constituents  and  the 
slow  conversion  of  all  its  deleterious  principles  into  substances 
which  are  at  any  rate  harmless,  is  insured.  The  changes  are  in 
part  mechanical  and  chemical,  and  partly  due  to  living  organisms, 
which  play  no  unimportant  part  in  the  ultimate  reduction  of 
noxious  organic  matters  to  harmless  compounds.  The  rapidity  and 
completeness  of  the  purification  of  the  contaminated  water  in  great 
measure  depend  upon  the  degree  of  dilution.  If  the  sewage  is  con- 
centrated, the  decomposition  which  ensues  is  of  a  different  kind  and 
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reealts  in  the  formation  of  compounds  of  a  most  offensive  and  dele- 
terious kind,  which  are  afterwards  only  yery  slowly  converted  into 
harmless  snbstanoes.  If  the  sewage  passed  into  the  sea  in  such  a 
manner  that  it  became  qnicklj  diluted,  it  is  probaUe  that  for  miles 
round,  at  a  considerable  distance  from  the  outlet,  organisms  of  many 
kinds  would  grow  and  multiply  in  vast  numbera  Many  of  these 
would  become  the  food  of  fishes,  which  in  their  turn  would  be  taken 
and  help  to  support  the  population  which  had  already  supplied 
their  sustenance. 

That  objections  may  be  advanced  to  some  of  the  details  of  the 
drainage  system  now  in  operation  is  no  doubt  true,  but  the  experi- 
ence of  many  ^ears  has  conclusively  proved  that  it  is  workable,  and 
the  results  of  its  working  may,  I  suppose,  be  considered  fiEdrly  satis- 
factory. The  practical  workmg  of  the  main  drainage  system  seems 
to  have  shown  that  if  only  sufficient  quantity  of  water  for  dilution 
can  be  provided,  and  a  good  outlet  to  the  sea  obtained,  the  sewage 
of  a  city,  however  large,  might  be  quickly  and  thoroughly  disposed 
of,  and  the  sanitary  condition  of  houses,  however  numerous,  at 
least  as  fSu:  as  sewage  is  concerned,  assured,  while  the  alterations 
rendered  necessary  by  the  gradual  increase  of  population,  could  be 
carried  out  from  time  to  tmie  as  required,  by  tne  enlargement  of 
the  sewers  and  their  extension  towards  and  into  the  sea. 


c  2 
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IL — On  the  Mode  of  Vimn  mth  Objectives  of  Wide  Apertwre^ 

By  Prof.  E.  Abbb,  Hon.  F.RM.S. 

{Read  X2th  April,  ISQ2.) 

The  idea  of  ''  all-round  vision "  as  a  peculiar  capacity  of  wide- 
angled  lenses  has  been  put  forward  with  opposite  aims.  The  object 
of  one  side  has  been  to  indicate  an  advantage  of  wide  aperture- 
angles  in  the  vision  of  solid  objects,  depending  on  the  angles 
qu6,  angles  and  the  admission  of  rays  from  all  sides  of  the  object 
at  the  same  tima  The  other  opinion  claims  that  this  must  be  a 
disadvantage,  constituting  an  unnatural  mode  of  vision,  causing 
particles  to  look  spherical  (when  sufficiently  minute)  even  if  in 
reality  cubes,  and  giving  rise  to  a  confusion  of  dissimilar  images. 

The  tacit  supposition  of  both  views  is,  that  the  optical  conmtions 
of  microscopical  observation  are  essentially  the  same,  even  with  the 
minutest  oDJects,  as  those  of  naked-eye  vision — that  a  solid  object 
is  depicted  through  the  Microscope  in  the  same  perspective,  in 
which  it  would  appear  to  the  eye  in  ordinary  vision,  if  it  were 
looked  at  in  the  direction  of  the  delineating  pencils. 

They  assume,  for  example,  that  a  minute  die  ahcd  (fig.  1) 
if  depicted  by  means  of  oblique  pencils  r  (such  as  are  admitted 
throTigh  the  ^^nal  zone  of  a  wi^angled  objective)  will  appear 
in  the  microscopic  image  with  the  perspective  in  which  it  would 
be  seen  by  an  eye  in  the  direction  of  r.  It  would  thus  appear 
as  the  projection  of  the  die  on  a  plane  P  perpendicular  to  the 
direction  r,  or,  which  is  the  same  thing,  as  if  it  were  placed  in  an 
inclined  position  on  the  stage  under  axial  illumination  (fig.  2). 

Fia.  2. 


In  fact  it  is  supposed  that  obliquity  of  the  delineatii^  pencils 
to  the  axis  of  the  Microscope  is  equivalent  to  and  produces  the 
same  effect,  in  regard  to  the  manner  of  projection  of  the  image, 
as  an  oblique  position  of  the  object  under  perpendicular  (axial) 

•  The  paper  (received  3rd  March  1882)  is  written  by  Prof.  Abbe  in  English. 
Its  publication  has  been  delayed  pending  the  completion  of  Prof.  Abbe's  paper 
in  the  last  Tolume. 
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inoidenoe  of  the  pencils,  and  on  the  basis  of  this  yiew  the  natural 
oondusion  of  coarse  is  that  as  a  wide  aperture  admits  pencils  of 
Yen  different  obliquities  at  the  same  time,  the  resulting  image  must 
emoraoe  as  many  different  perspectiyes  of  the  soUd  object,  depicting 
them  to  the  obeenrer's  eye  at  the  same  time,  just  as  if  many  narrow- 
angled  objectiYes  (or  eves)  A,  K,  Z,  &c.  (fig.  3)  were  arranged 
around  the  object  and  their  images  united. 

According  to  the  point  of  yiew  adopted,  or  to  the  private  taste 
of  the  writer,  this,  as  I  have  said,  is 
considered  either  as  an  adyantage  of  wide-  ^^^'  ^- 

angle  yision,  or  as  a  drawback 

The  fisMst  is,  howeyer,  that  neither  the 


one  nor  the  other  of  these  yiews  is  correct,    /^  V$\ 

.    .      V         I 1         V 

I>laoe  in  the  manner  supposed.    This  is  | | 


because  no  delineation  of  the  objects  takes 


shown  by  the  following  consideration, 
which  also  shows  at  the  same  time  the  error  of  the  yiew  that  the 
resultant  image  of  an  objectiye  of  wide  aperture  is  composed  of 
dissimilar  images  projedied  by  rays  of  different  inclinations,  for 
this  is  based  on  the  same  hypothesis  essentially  as  the  others  just 
referred  to. 

First  consider  the  case  of  a  plane  object.  The  course  of  the 
rays  through  a  wide-angled  objectiye  is  shown  in  fig.  4,  the 
object  being  at  A  B.  If  we  suppose  the  objectiye  to  be  well 
corrected  (or  aplanatic)  all  rays  emanating  from  the  axial  point  A 
(L'e.  the  whole  pencil  a)  will  be  collected  at  one  point  A*,  and  the 
same  is  true  not  only  for  an  axial  point,  but  for  an  eccentric  point 
B  also  (up  to  a  certain  moderate  distance  from  the  axis  at  least).t 
Consequently  the  whole  pencil  fi  from  the  point  B  will  be  collected 
also  to  one  distinct  point  B*  of  the  image. 

Now  it  is  an  eyident  inference  that  the  plane  A  B  must  be 
delineated  exactly  in  the  same  maimer  (as  the  same  plane  A*  B* 
of  the  image)  whether  it  is  delineated  by  the  two  axicu  pencils  a  a 
and  fia^  or  oy  any  two  obUque  pencils  a  m  and  /9  m,  whateyer  be 
their  inclination  to  the  plane  of  the  object.  For  if  all  rays  from 
B  are  collected  to  the  same  point  B*,  the  two  partial  pencils  y3  a 
and  fi  m,  which  are  parts  of  the  whole  pencil  /3,  cannot  be  collected 
to  different  points. 

t  This  idea  of  a  well-correoted  Bystem  has  been  considered  formerly  aa  quite 
meonditionaL  It  has  been  supposed  that  whcneyer  the  rays  from  the  axial 
point  A  are  ooUected  to  a  sharp  focus,  the  rays  from  exoentrical  points  B  would 
always  be  ooUected  to  sharp  foci  by  themselves.  I  showed  in  1873  that  the 
latter  is  not  a  necessary  oonseauence  of  the  former,  aud  tliat  a  piirticular  condition 
must  be  fulfiUed  in  order  to  haye  the  same  eoUection  of  rays  from  excentrieal 
jmnts  as  is  obtained  from  an  axial  one  when  the  spherical  aberration  is  corrected. 
This  oondition  is  the  law  of  aplanatic  convergence — proportionality  of  the  sines  of 
the  angles  at  the  fed  A  and  A*. 
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Thus  it  is  certain  from  the  simple  notion  of  an  opUn&tiQ 
system  tliat  pencils  of  different  obliqtiitiee  mnst  yield  ideniioal 
images  of  ever;  plane  object  or  of  a  angle  layer  of  a  solid  object. 
However  large  an  aperture  may  be,  the  reenltant  image  c^  tlie 
object  cannot  therefore  be  composed  of  disaimilar  images,  and  QkO 
wide  apertmv  cannot  be  the  cause  of  confusion,  &c. 

We  see  also  at    the  same   time  that   the  delineation   c4  an 

object  throngh  the  Microscope  does  not  ex- 

Pig,  4,  hioit  differenoes  of  perspective  according  to 

the  obliqnity  of  the  delineating  pencils  to 

a  the  tntirf  pencil  starting  hom  the  izikl  point 
A  of  an  objeot,  and  oolleated  lo  the  axial  point  A*  of 
the  imag& 

B  the  enli'rt  pencil  Etarling  from  an  ezcentrlMl 
point  B  collected  to  the  ezcentric*!  point  B*  of  the 

a  a  and  nm  an  axial  and  a  marginal  elementary 
pencil  tnm  A  wbieh  are  contained  within  tha 
pencil  a. 

0  a  and  0  m  MHTMpanding  axM  and  margatat 
elemeQtaty  peneili  of  the  wliole  pcDoil  B. 

The  two  axiJ  pendla  a  a  and  0  a  pan  thToagfa 
the  oeQtraJ  put,  a,  of  the  olwr  opening :  the  marginal 
pencils  a  n>  and  fi  m  toooh  the  mugin  of  the  opening 

The  limiting  diaphragm  of  the  olear  opening  ii 
aumned  to  be  at  the  place  of  the  postetiot  principal 
focoi  (aa  is  alnaya  the  case  approximatelT  with  high 
powera)  in  order  lo  obtain  the  corresponaing  mjB  of 
the  two  pencils  a  and  0  parallel  in  front  of  the  ijEtem, 
or  tha  anw  cbliquitg  of  a  m  and  0  m. 

the  plane  of  the  object,  aa  is  the  assiimption 
of  the  all-ronnd  vision  thetny.  The  image 
of  any  plane  sni&oe  AB  (e.g.  the  npper 
snr&ce  of  the  minote  die)  is  always  Hie 
same  whether  the  rays  are  admitted  to  the  Microscope  in  per- 
pendienlar  or  in  any  obliqne  direction.  If  that  theory  was  right, 
the  image  of  A  B,  by  the  obliqne  pencils  a  m  and  fi  m  onght 
to  be  E£orter  (according  to  the  perspeetive  short^ung  of  the 
lines  in  obliqne  projection)  than  the  image  by  the  axial  pencils 
a  a  and  /3  a,  as  we  shonld  of  course  have  a  shorter  image  of 
A  B  if  we  observed  it  through  a  low-power  Microscope  with 
inclined  axis. 

This  absence  of  perspective  shortening  of  the  lines  according 
to  the  obliqnity  of  the  rays  exhibits  therefore  an  essential  geo- 
metricEil  difference  of  microscopic  vision,  which  rraiders  it  nncom- 
parabte  to  macroscopic  observation. 

Beoondly,  consider  the  delineation  of  a  solid  object  such  as  a 
minute  die. 
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This  18  of  course  perfectly  defined  by  determining  the  delinea- 
tion of  the  npper  plane  surface  A  B,  and  of  the  lower  Ai  B,  (fig.  5). 
The  result  of  the  previous  consideration  must  apply  to  both  plane 
snrfiELceB  soccessiYely,  pro- 
Tided  their  distance  along  Fio.  5. 
the   axis    is    sufficiently 
smalL    For  in  this  case, 
an    objective    which    is 
aplanatio  for  the  conju- 
gate points  A  and  B  will 
still  be  aplanatic  for  the 
neighbonring  pair  of  oon- 
jo^te  points  A^  and  Bi. 

Consequently  the 
leAoZs  peiiucils  a  and  ^ 
booL  the  snr&ce  A  B  will 
yield  a  distinct  image 
A*  B*  at  aoertain  plane, 
and  at  the  same  time  the 
whde  pencils  a^  and  )9i, 
from  the  other  snr&ce 
Ai  Bi,  will  also  project  a 
didinet  image  A^*  Bi*  at 
another  (lower)  plane. 

Suppose  (i)  that  the 
image  is  delineated  by 
means  of  narrow  axial 
pencils  a  a  and  fi  a,  and 
the  ocular  focused  to  the 
exact  level  of  the  lower 
layer  Ai*Bi*.  The  points 
A*  and  B*  of  the  upper 
layer  will  in  this  case  ap- 
pear as  smaH  dissipation 
circles  projected  upon  the 
distincuy  seen  points  Ai* 
and  Bi*  of  the  lower  layer, 
the  centres  of  these  circles 
coinciding  with  the  latter. 

Suppose  now  (2)  the 
image  to  be  delineated  bv 
the  whole  aperture,  i.  e.  by  the  fvide  pencils  a  and  yS,  and  the  ocular 
focused  to  the  lower  layer  as  before.  The  points  of  the  upper  image, 
which  IB  not  exactly  focused,  will  now  give  much  broader  dissipa- 
tion circles  projected  on  the  sharply  seen  points  Ai*  Bi*  but  the 
oentres  of  tne  two  sets  of  points  will  still  coincide. 


(a\  B-)  ^^  ^^  ^^  *^^  ^^J^'*  (a.  B,) 
as  projected  by  the  objeotive  to  the  field  of  the 
ocular. 

The  diagram  showB  the  manner  in  which  the 
two  snocessiye  layers  A  B  and  A|  B|  of  the  ob- 
ject are  delineated  by  means  of  the  tohole  pencils 
(fall  apertnre  pencils)  a,  fi  and  aj,  B^  or  by 
means  of  the  elementary  pencils  a  a,  fi  a,  ana 
Oja,  /3|a,  or  a  m,  iS  m  and  aim,  fi^m^  and  indicates 
the  manner  in  which  the  image  of  the  upper 
layer  is  seen  projected  upon  the  image  of  the 
lower  layer.  The  thick  lines  indicate  the  dia- 
meters of  the  circles  of  indistinctness  which 
represent  the  points  A*  and  B*  under  various 
circumstances  at  the  plane  of  the  lower  layer  (in 
one  case  broad  and  in  the  other  small)  on  the 
assumption  that  this  lower  layer  is  exactly 
focusea  and  seen  in  perfect  distinctness. 
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Wliat  is  the  difierenoe  between  these  two  cases  ?  The  Bmall 
diaaipatioii  cirales  in  the  6ist  case  may  still  be  capable  of  affording 
a  pretty  distinct  vision  of  the  upper  layer  at  the  same  time  as  the 
lower,  and  we  say  that  the  depth  of  the  object  is  within  the  range 
of  the  depth  of  distinct  visioD  for  pencils  of  narrow  aperture. 
The  brosd  dissipation  circles  resulting  from  the  wide  pencils  of  the 
fnll  apertore  will  in  all  probabihty  render  the  image  of  the  npper 
layer  very  indistinct,  so  that  the  iniage  of  the  w^e  object  will 
appear  indistinct  also.  The  causa  efficUns  of  this  indistinctness  is 
smiply  too  great  a  depth  of  the  object  compared  with  the  small 
depth  of  vision  attendant  npon  a  wider  apertnre.  If  we  take  a 
similar  solid  object,  bat  of  much  smaller  depth,  we  ^onld  see  its 
iipper  and  lower  layers  in  sufGcient  distincteeea,  notwithstanding 
the  wide  apertnre. 

Ganseqneutly  the'  indistinctness  of  an  object  which  is  not  quite 
flat  if  obserred  with  a  wide  apertnre,  does  not  arise  from  any 
dissimilarity  of  the  images  by  axial  and  by  obliqne  pencils,  bnt 
solely  on  acconnt  of  the  redwAion  of  ihe  depm  of  msion. 

HQppose  now  (3)  an  image  projected  by  narrov!  ohliqne 
pencils  a  m  and  ^  m  throngh  a  mBrgmal  or  intermediate  part  of 
the  apertnre.  The  sharp  images  of  hoth  layers  A  B  and  A„  B„ 
will  be  exactly  the  same  as  the  sharp  imagee  by  the  axial  pencils 
a  a  and  ^  a,  or  the  sharp  images  by  the  whole  pencils  a  and  ^. 
Bnt  as  these  images  occur  at  difTereot  planes  they  will  show  a 
parallaetie  di»plaeement.  If  the  ocnlar  and  the  eye  are  focosed 
to  the  level  of  A,*  B,*,  the  points  A*  and  B*  will  appear  projected 
to  the  points  a*  h*  and  will  be  seen  as  dissipation  circles  with 
those  pomte  as  centres.  We  hare  once  more  always  similar  images, 
only  displaced  horizontally. 

This  mnst  give  rise  to  a  mode  of  projection  of  solid  objects 
which  is  essentially  different  from  the  ordinary  jwf-speofive  projec- 
tion imder  obliqne  vision.    Suppose  the  die  (^.  1)  delineated  at 
an  oUiqne  direction  of  60°.     A  tme  perspective  image,  snch  as 
wonld  be  obtainM  by  an  eye  receiving  it  in 
Fio,  6.  the  direction  r,  or  if  the  Microscope  were 

directed  to  it  in  this  direction,  wonld  give 
the  projection  on  a  ground  plane  perpen- 
dicular to  the  line  r.  Bat  the  image  of 
the  die  as  depicted  by  the  obhqne  pencils 
in  an  objective  of  120°  apertnre-angle  will 
be  a  projection  to  a  gronnd  plane  perpen- 
dicular  to  the  aaris  of  the  Microscope  (fig.  6), 
and  not  to  the  rays  r.  Both  snr&cee,  a  h  and  c  d,  will  therefore 
be  projected  with  their  true  diameter,  but  displaced  horizontally, 
and  not  shortened  as  in  fig.  1. 

If  we  compare  now  the  image  of  the  solid  object  by  the  obliqne 
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pencils  a  m  and  )8  m  to  the  image  by  the  axial  pencils  a  a  and 
)8  a,  or  to  the  image  by  other  obliqne  pencils  (say  of  opvosite 
obliquity),  we  have  diasimilar  images.  But  tius  dissimilarity 
relatmg  solely  to  the  projection  of  successive  layers,  and  being 
nothing  else  tmt  different  parallactic  displacement  of  successive 
layers,  cannot  be  effectiye  in  microscopic  vision  unless  these  images 
are  produced  by  different  portions  of  the  aperture  separatdy,  i£at 
is,  il  the  effecnve  pencils  (or  the  effectiye  portions  otthe  aperture) 
are  separated,  and  the  one  conducted  to  one  image  and  the  other 
to  another  image,  as  is  done  by  the  various  arrangements  for 
stereoscopic  vision.  As  long  as  various  portions  of  the  aperture 
are  effective  at  the  same  time,  producing  one  image,  we  have  only 
an  increase  of  the  dissipation  circles  at  those  planes  which  are 
not  exactly  focused,  and  a  reduction  consequently  of  the  depth  of 
distinct  vision.  We  have  no  '' all-round  vision*'  because  vision 
eeases  as  soon  as  the  ''  all-round  "  becomes  effective. 

The  result  of  the  whole  consideration  therefore  is : — (1)  In  a 
well-corrected  (or  aplanatic)  objective  the  images  of  a  flat  object 
hj  pencils  of  different  obliquity  are  always  stnctly  similar,  (me 
oohquity  of  the  rays  at  the  object  does  not  produce  any  difference 
of  perepective,  as  it  does  in  ordinary  vision,  or  when  the  same 
object  IS  observed  by  a  Microscope  in  an  oblique  direction.  The 
Microscope  therefore  does  not  delineate  solid  objects  perspectively, 
and  has  no  capacity  of  all-round  vision,  either  as  a  drawhtck  or  a 
benefit 

(2)  The  images  of  solid  objects  arise  &om  the  projection  of 
their  successive  layers  in  perfect  similarity,  however  large  the 
aperture  may  be  (refraction  of  the  rays  by  structural  parts  within 
the  layers  disregarded).  As  long  as  the  depth  of  the  object  is 
within  the  limits  of  the  depth  of  vision  corresponding  to  the 
aperture  and  amplification  in  use,  we  obtain  a  mstinct  parallel 

S  ejection  of  all  successive  layers  on  one  common  plane  perpen- 
sular  to  the  axis  of  the  Microscope  (a  regular  ground  plan),  either 
strictly  orthogonal  (fig.  7)  when  the 
delineating  pencils,  narrow  or  wide,  are  Fio.  7. 


axial,  or  witn  a  ceritain  obliquity  of  pro-      \ — : — \ — i  j   )   I 

jection  if  these  pencils  (i.  e.  the  axes  or      j     |     \  III 


principal  rays  of  the  pencils)  are  inclined 
to  the  axis  of  the  Microscope.  If  the  depth  of  the  preparation  is 
greater  than  the  depth  of  tolerably  distinct  vision,  this  projection 
must  become  indistinct,  because  the  layers  above  or  below  the  range 
of  distinct  vision  give  rise  to  broad  dissipation  circles  confounding 
with  the  distinct  portion  of  the  image.  Since  the  depth  of  vision, 
other  circumstances  being  equal,  decreases  with  increasing  aperture, 
good  ''  definition  "  of  wide  apertures  is  confined  to  thinner  objects 
than  good  definition  of  narrow  apertures. 
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(3)  DmHiTniUrity  of  the  imageB  of  soUd  objeda  by  diflBBrent  parts 
of  the  aperture  is  solely  difference  of  projection  (orthogonal  pro- 
jection versus  obliqne  projection — or  one  degree  of  obuqnity  by 
axial  pencils  against  an  opposite  obliqnity  by  obliqne  pencils). 
It  relates  therefore  exclnsiyely  to  the  manner  in  which  successive 
layers  are  seen  projected  to  the  common  ground  plane  (per- 
pendicular to  the  axis  of  the  Microscope)  or  to  the  perception  of 
the  depth,  and  not  in  any  way  to  tne  delineation  of  the  plane 
layers  themselyes.  The  enectiyeness  of  this  dissimilarity  for  micro- 
scopic vision  is  confined  to  the  case  of  an  actual  separation  of  the 
images  by  stereoscopic  apparatus ;  for  if  this  dissimilarity  should 
be  ^ceptible  and  the  partial  images  not  separated  (yiewed  by 
distmct  eyes),  the  out-oMocus  layers  would  appear  confused,  and 
no  vision  of  the  depth  could  be  possible,  as  explained  just  aboye. 
We  haye,  then,  no  adyantage  &om  the  said  dissimilarity. 

(4)  Stereoscopic  yision  in  the  Microscope  is  entirely  based  on 
the  said  dissimilarity  of  projection  exhibited  by  the  different 
parallactic  displacements  of  the  images  of  successiye  layers  on  the 
common  ground  plane  of  projection.  There  is  no  true  perspectiye 
difference  of  the  images  by  different  portions  of  the  apertture, 
because  the  microscopic  image  does  not  admit  of  a  perspectiye 
shortening  of  the  lines,  whicn  are  oblique  to  the  direction  of  the 
delineating  pencils. 
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of  the  Vertebrata. 

Influenoe  of  Gravity  on  Cell-divisioiLt— Dr.  E.  Pfliiger's  experi- 
ments were  eonducied  with  the  eggs  of  the  frog.  Each  egg  consists 
of  a  dark  and  a  light  hemisphere,  and  after  fertilization  the  dark 
hemisphere  always  comes  to  lie  uppermost,  the  ^  axis "  of  the  egg 
being  therefore  yerticaL  When  the  black  hemisphere  is  uppermost 
the  line  connecting  its  middle  point  with  the  middle  point  of  the 
white  hemisphere  is  termed  the  '*  primary  axis" ;  to  the  primary  axis 
C(»re6pond,  of  course,  a  primary  equator  and  meridian.  The  *'  secon- 
dary axis "  passes  through  the  point  at  which  the  first  and  second 
pluiee  of  cleayage  cut  each  other.  The  *'  tertiary  axis "  finally  is 
any  perpendicular  diameter  of  the  egg  that  is  not  coincident  with 
eiUier  of  the  two  former  axes.  The  firist  two  cleavages  pass  through 
the  axis  of  the  egg,  and  the  third  cuts  it  at  a  right  angle ;  the  question 
therefore  arises,  is  there  any  real  connection  between  the  direction  of 
cleayage  and  the  axis  of  the  egg,  or  do  the  first  cleavages  pass  through 
the  axis  of  the  egg  because  it  happens  to  coincide  with  the  direction 
of  gravity?  By  preventing  the  rotation  of  the  eggs,  by  fixing 
them  to  a  watch-glass  in  various  positions  after  fertilization,  Dr. 
Pfluger  was  able  to  show  that  the  latter  interpretation  is  the  correct 
one;  the  first  cleavages  do  not  follow  the  axis  of  the  egg  but  the 
direction  of  gravity  passes  along  the  vertical  diameter,  whether  it 
happens  to  coincide  with  the  axis  or  not.  In  the  normal  egg  lefk  to 
asBome  its  own  proper  position  with  the  dark  hemisphere  uppermost, 
it  is  well  known  that  the  process  of  division  is  far  more  energetic  in 
the  upper  dark  hemisphere,  and  this  was  believed  to  depend  upon 


*  The  Boeiety  are  not  to  he  oonsidered  responsible  for  the  views  of  the 
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t  Pflfigor'f  Arch,  t  gesammi  PhyaioL,  xxzi  (1883)  pp.  311-8. 
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some  property  special  to  this  hemisphere.  If,  however,  an  egg  be 
tamed  upside  down  during  the  process  of  division,  it  is  found  that 
the  cleavage  proceeds  more  vigorously  in  what  is  now  the  upper  half 
and  ceases  to  be  so  well  marked  in  the  lower  half,  and  therefore  clearly 
has  nothing  whatever  to  do  with  any  special  quality  of  different 
portions  of  the  egg  itself,  but  depends  entirely  upon  its  position. 

Another  point  to  which  Dr.  Pfluger  directed  his  researches  was 
the  relation  that  exists  between  the  first  cleavage  and  the  axis 
of  the  future  embryo ;  the  experiments  made  appei^ed  to  show  that 
the  two  are  identical,  and  that  each  of  the  two  cells  therefore  formed 
by  the  first  division  corresponds  to  one  half  of  the  body  of  the  future 
embryo :  and  also,  a  fact  of  the  greatest  importance,  that  the  various 
parts  of  the  body  appeared  to  arise  from  the  light  or  dark  hemispheres 
according  to  the  position  of  these  latter ;  when  the  light  hemisphere 
was  uppermost  the  whole  nervous  invagination  was  seen  to  be  clear 
and  transparent.  This  part  of  the  subject,  however,  the  author  does 
not  consider  to  be  as  yet  placed  on  a  firm  basis  and  intends  to  continue 
his  investigations. 

In  a  second  paper  on  the  same  subject*  the  author  notes  that 
among  the  tadpoles  developed  from  the  eggs  some  were  remarkable 
by  the  dorsal  surface  being  entirely  free  of  pigment,  owing  to  the 
fact  that  the  light  hemisphere  had  been  fixed  in  the  uppermost 
position;  later,  however,  the  pigment  seemed  to  spread  over  the 
whole  body,  and  no  recognizable  difference  between  the  dorsal  and 
ventral  siufaces  could  be  detected.  The  albinos  also  showed  occa- 
sional abnormalities  and  soon  died.  A  further  investigation  was 
made  upon  the  eggs  of  Bambinator  igneus  ;  the  main  results  appear  to 
be  the  following :  Quite  normal  embryos  were  developed  when  the 
upper  hemisphere  had  a  larger  clear  portion ;  but  if  it  became  almost 
entirely  made  up  of  the  clear  hemisphere  the  embryos  were  abnormal 
and  died,  though  it  was  perfectly  evident  that  the  axis  of  the  egg 
might  be  at  any  angle  whatever  with  the  direction  of  gravity,  and  not 
interfere  in  the  least  with  the  early  developmental  stages. 

In  the  earlier  communication  it  was  stated  that  the  axis  of  the 
embryo  coincided  with  the  axis  of  the  first  cell-division,  and  that  the 
central  nervous  system  was  formed  out  of  the  dark  or  the  clear  hemi- 
sphere, or  out  of  both  according  to  their  position ;  a  more  careful 
investigation  has  shown  that  the  central  nervous  system  is  always 
developed  from  the  clear  hemisphere. 

This  fact  appears  to  show  that  the  egg  is  after  all  not 
"  isotropous,"  and  that  a  given  organ  arises  from  some  particular 
region  of  the  egg  entirely  independently  of  gravity;  but  another 
series  of  fScMsts  tends  towards  the  opposite  conclusion ;  in  eggs  fixed  in 
an  abnormal  position  the  anus  of  Busconi  was  never  to  be  seen  upon 
the  upper  hemisphere ;  again,  when  the  primary  axis  was  inclined  at 
an  angle  the  medullary  groove  was  always  developed  with  the  anterior 
end  in  the  upper  portion  and  the  posterior  end  in  the  lower  portion  of 
the  white  hemisphere,  which  latter,  of  course,  was  also  obliquely 

*  Pflugcr's  Aroh.  t  gesammt.  Physiol.,  xzxii.  (1883)  pp.  1-79  (2  pis.). 
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indined  to  the  horizoutaL  The  position  of  the  anus  of  Bnsconi 
affords  still  further  proof  of  a  '*  relative  isotropy  "  ;  it  always  appears 
upon  the  white  hemisphere,  and  is  intimately  connected  witii  the 
direction  of  the  axes  of  the  egg. 

The  paper  concludes  with  some  observations  on  the  development 
of  Marnlia  made  by  Dr.  H.  Leitgeb ;  it  appears  that  in  the  embryo  of 
this  plant,  the  position  of  the  first  divisional  septum  in  every  case 
coincides  with  the  axis  of  the  archegonium ;  it  is,  however,  capable  of 
rotation  round  the  latter,  and  as  soon  as  the  axis  of  the  archegonium 
ceases  to  be  vertical,  takes  such  a  position  that  the  embryo  is  divided 
into  an  upper  and  lower  hal£ 

The  occurrence  of  the  same  principle  of  development  in  two  such 
widely  different  types  is  evidently  an  indication  of  its  wide-spread 
importance. 

Influence  of  Phvsico-Chemical  Agencies  upon  the  Development 
of  the  Tadpoles  of  fianaesculenta.* — E.  Yung  subjected  tadpoles  just 
hatched  to  the  action  of  saline  solutions  of  various  strengths.  The 
salts  employed  were  obtained  by  the  evaporation  of  the  water  of  the 
Mediterranean,  and  the  larvae  were  placed  in  solutions  of  1,  3,  5,  7, 
and  9  per  1000,  which  were  renewed  at  the  same  time  in  all  the 
vessels,  and  the  whole  were  in  other  respects  placed  under  precisely 
the  same  conditions.  As  a  general  result,  M.  Yung  states  that  the 
tadpoles  are  developed  the  more  slowly  the  more  considerable  the 
degree  of  saltness  oi  the  water.  In  the  solution  of  9  :  1000  no  trans- 
formation took  place,  though  some  tadpoles  live  long  enough  to 
acquire  hind  limbs.  In  a  solution  of  10  :  1000  very  young  tadpoles 
die  in  a  few  hours :  elder  ones  survive  for  a  few  days.  The  author 
remarks  upon  the  importance  of  placing  equal  numbers  of  individuals 
in  each  vessel  in  experiments  of  this  kind,  as  their  development  is 
found  to  be  slower  in  proportion  to  the  number  living  together. 

M.  Yung  also  subjected  young  tadpoles,  which  normally  live  in 
quiet  water,  to  continuous  agitation  in  a  vessel  containing  two  litres 
of  water  regularly  renewed  and  suitable  food.  Under  these  conditions 
the  eggs  developed  well ;  but  the  newly  hatched  tadpoles,  being  too 
feeble  to  seize  tiieir  prey  in  so  disturbed  a  medium,  died  of  hunger, 
unless  care  was  taken  to  give  them  daily  a  few  moments  of  repose  to 
take  their  food.  If  these  tadpoles  be  compared,  at  different  periods, 
with  others  of  the  same  brood  developing  in  quiet  water,  it  is  found 
that  the  developing  of  the  former  is  slower,  that  they  are  less  pig- 
mented, which  in£cates  bad  nutrition,  and,  lastly,  that  their  taus 
are  zelatiTely  more  developed,  especially  in  width,  which  is  explained 
by  the  greater  use  they  are  obliged  to  make  of  the  organs  in  struggling 
ftgainst  the  waves. 

Colours  of  Feathers,  t— The  colours  of  the  feathers  of  birds  are 
of  two  kinds :  (1)  Objective^  that  is,  colours  caused  by  the  presence  of 
definite  pigment,  or  by  structural  peculiarities  of  the  feather  itself,  or 

•  Aroh.  Sd.  PhyB.  et  Nat.,  x.  (1883)  p.  347.    See  Ann.  and  Mag.  Nai  Hist., 
xiii.(1884)p.72.   '  '      ^        '^^  » 

t  Ploo.  Zool.  8oc.  Loud.,  1882,  p.  409. 
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finaUy  by  both  oanses  oombmed;  (2)  Subfeetine  oolonrs  are  caused 
by  the  various  effects  of  broken  or  reflected  light. 

The  colours  owing  to  the  presence  of  pigment  are  always  black, 
brown,  and  red  of  various  shades ;  only  one  instance  is  known  of  a 
green  colour  produced  by  pigment,  and  that  is  in  the  feathers  of  the 
Touracous.  The  violet  and  blue  tints  are  never  due  to  pigment 
alone,  and  often  depend  merely  upon  lines  and  grooves  on  the  surface 
of  the  feather.  There  are  numerous  colours  which  appear  to  be  due 
to  the  combination  of  definite  pigmentary  bodies  within  the  substance 
of  the  feather,  and  the  structure  of  the  feather  itself,  and  this  is  the 
case  especially  with  blue  feathers.  If  one  of  the  blue  feathers  of  a 
Macaw  be  pressed  and  broken  so  as  to  destroy  its  structure  it  appears 
to  be  of  a  brownish  grey  colour,  which  is  owing  to  the  presence  of  pig- 
ment of  that  colour.  Dr.  H.  Gkdow  has  published  some  interesting 
observations  upon  these  colours.  He  finds  that  the  blue  feathers  of 
many  birds  consist  of  an  outer  structureless  sheath,  beneath  which  is  a 
layer  of  "  cones  "  covered  by  a  system  of  extremely  fine  lines  running 
parallel  with  the  long  axis  of  the  cone ;  below  these  cones  lies  a  layer 
of  brownish-yellow  pigment,  which  appears  black  when  present  in 
great  quantity.  The  whole  surface  coating  of  the  feather  varies 
not  only  in  different  birds,  but  in  the  different  feathers  of  the  same 
bird,  and  is  in  any  case  too  thick  to  allow  of  the  blue  colour  being 
explained  in  the  way  that  other  colours  are  produced  by  thin  plates. 
The  fine  ridges  upon  the  cones  seem  to  be  the  source  of  the  blue 
colour. 

The  colours  of  yellow  feathers  are  sometimes  due  simply  to  the 
presence  of  yellow  pigment ;  but  since  many  yellow  feathers  contain 
no  pigment,  this  explajiation  will  not  hold  in  every  case.  In  all  pro- 
bability a  system  of  fine  lines  observed  upon  the  outer  surfiBuse  of  the 
feather  is  the  cause.  Similar  lines  occur  in  violet  feathers,  but  they 
are  finer  and  not  quite  so  straight,  and  in  this  way,  perhaps,  the 
difference  in  colour  is  produced. 

With  regard  to  the  green  colour  of  many  feathers,  the  suggestion 
of  Erukenberg,  that  it  is  caused  by  an  admixture  of  yellow  pigment 
and  a  blue  optical  structural  colour,  is  not  a  sufficient  explanation  in- 
asmuch as  most  green  feathers  do  not  show  the  same  peculiar 
structures  that  are  met  with  in  blue  feathers.  All  the  green  feathers 
examined  show  the  following  structure :  a  transparent  smooth  sheath 
covers  the  barbs  and  barbules ;  beneath  this  is  a  system  of  ridges  and 
fine  pits ;  the  ridges  are  less  regular  than  those  of  the  yellow  coloured 
feathers ;  beneath  this  layer  is  yellowish  or  brownish  pigment. 

The  second  group  of  colours  (subjective)  are  produced  by  a 
transparent  sheath  which  acts  as  a  prism.  They  are  the  so-called 
'*  metallic  "  colours,  which  change  according  to  the  position  from  which 
they  are  viewed.  In  describing  the  colours  of  birds  a  good  deal  of 
confusion  has  arisen  from  this  fact,  and  Dr.  Gadow  suggests  the 
desirability  of  introducing  a  standard  method  of  describing  these 
metallic  colours  in  order  to  insure  uniformity,  and  gives  a  diagram 
illustrating  three  positions  in  which  the  bird  should  be  placed  in 
order  to  describe  its  colours. 
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Sudimfliitary  Sight  apart  from  eyes.* — ^Prof.  V.  Gbraber  has  in- 
stitated  experiments  to  ascertain  whether,  and  if  so  to  what  extent, 
eyeless  and  blinded  animals  are  sensitive  to  light.  As  an  example  of 
the  former  he  chose  the  earthworm ;  for  the  latter,  Triton  cristatua. 

The  worms  were  placed  in  a  box  containing  a  number  of  cells  of 
equal  size,  each  with  front  and  hind  wall  made  of  glass ;  the  whole 
box  was  further  divided  into  three  parts,  each  of  which  had  two  front 
and  two  hind  windows ;  the  latter  were  turned  from  the  light ;  and 
one  of  the  windows  of  each  cell  was  darkened,  or  supplied  with  a 
differently  coloured  light  from  that  of  the  others.  At  the  bottom  of 
each  was  placed  a  layer  of  mud  not  sufficient  to  conceal  earthworms. 
Twenty  to  thirty  worms  were  first  put  into  each  cell  and  the  box  placed 
with  one  side  towards  a  window  with  a  north  light.  The  number  of 
worms  found  on  the  light  and  the  dark  sides  respectively  were  counted 
at  the  end  of  every  hour,  and  were  replaced  by  fr^sh  every  four  hours. 
Seven  readings  show  that  40  specimens  were  found  in  the  light,  and 
210  in  the  darkened  spaces,  giving  a  proportion  of  five  of  the  latter 
to  two  of  the  former. 

Using  opaque  glass  for  one  set  of  windows,  326  worms  were 
found  in  the  partitions  thus  relatively  darkened,  and  204  in  the 
absolutely  light  ones.  In  employing  light  of  different  colours,  care 
was  taken  that  the  one  colour  chosen  should  be  very  decidedly  lighter 
than  the  other.  As  it  soon  became  evident  that  red  was  more 
attractive  to  the  worms  than  blue,  a  much  darker  shade  of  blue  was 
chosen  than  that  of  the  red;  then  in  12  divisions  193  specimens 
were  found  in  the  pale  red  light,  and  only  57  in  the  dark  blue ;  this 
difference  is  the  more  remarkable  as  the  worms,  being  naturally 
lovers  of  darkness,  would,  so  far  as  intemily  of  light  was  concerned, 
have  been  expected  to  prefer  the  dark  blue ;  it  indicates  an  apprecia- 
tion of  the  quality  of  the  light.  In  like  manner,  white  light,  deprived 
of  the  ultn^violet  rays,  attracted  87,  ordinary  white  light  oidy  13 
worms;  of  pale  green  and  dark  blue,  the  former  colour  attracted 
138,  the  latter  42  individuals  ;  of  pale  red  and  dark  green,  the  former 
attracted  168,  the  latter  only  72.  In  examination  of  a  statement,  that 
it  is  only  the  anterior  end  of  the  body  which  is  sensitive  to  light, 
experiments  were  made  upon  worms  deprived  of  this  part  to  a  length 
of  four  or  five  rings ;  they  gave  the  proportion  of  worms  found  in  the 
dark  as  2*6  to  1  of  those  in  the  light,  and  that  of  those  in  red 
li^t  as  2*8  to  1  of  those  in  the  blue — ^results  tending  in  the  same 
direction  as  those  obtained  from  entire  specimens.  Applying  the 
same  method  to  newts,  Graber  found  that  while,  of  160  uninjured 
specimens,  only  one  was  found  in  the  light  area,  the  rest  being  in  tho 
dark,  185  specimens  from  which  the  eyeballs  together  with  a  con- 
siderable length  of  the  optic  nerves  had  been  removed,  were  found 
in  the  light,  and  308  in  the  dark.  The  same  result  was  obtained 
after  the  filling  up  of  the  eye-cavity  by  wax  in  some  of  the  blinded 
animals,  proving  that  the  optic  nerve  had  no  action  in  producing 
this  light-sensitiveness.     Using  coloured  light,  it  was  found  that  192 

♦  SB.  K.  Akad.  Wise.  Wien,  Ixxxvii.  (1883)  p.  201.    Cf.  Naturforaoher,  xvL 
(1883)  pp.  487-9,  and  *  Joum.  of  Science.'  v.  (1883)  pp.  727-32. 
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normal  specimens  appeared  to  prefer  pale  red  against  the  8  in 
dark  bine  ;  of  blind  individuals,  536  were  found  in  the  first,  and  406 
in  the  latter  oolour ;  with  colonrs  of  about  equal  intensity,  474  were 
found  in  the  red,  and  176  in  the  blue. 

The  proportion  of  individuals  preferring  a  good  light  devoid  of 
ultra-violet  rajs  was  as  2  to  1  of  those  found  in  darkish  ultra-violet 
light ;  as  between  green  and  blue,  the  proportion  was  3  to  1  of  the 
respective  colours  for  unblinded,  and  about  1|  to  1  for  blinded  in- 
dividuals. Thus  blinded  animals  are  shown  to  be  sensitive  to  both 
quantitative  and  qualitative  differences  in  light. 

Graber  considers  the  above  facts  to  be  in  accordance  with  the 
theory  of  evolution  of  special  optical  organs  (eyes)  from  generalized 
ones  (skin);  as  the  reactions  of  these  hypothetical  dermal  organs 
resemble  those  of  the  former,  and  their  inferior  activity  is  quite 
natural.  This  agreement  favours  the  interpretation  of  the  phenomena 
as  due  to  an  inferior  degree  of  vision,  and  not  to  the  results  of  thermal 
or  chemical  influences  acting  on  the  animals  experimented  on. 

B.  INVEBTEBAATA. 

Nerve-centres  of  Invertebrata.  *  — W.  Vignal  has  examined  the 
nervous  system  of  various  groups  of  the  higher  invertebrates  and 
comes  to  tiie  following,  among  other,  conclusions  : — 

In  the  Crustacea  the  cells  of  the  ganglia  are  nearly  all  unipolar, 
and  almost  always  consist  of  a  viscous  granular  substance,  in  which 
the  nucleus  is  slightly  and  the  nucleoli  highly  refractive.  Bipolar 
and  multipolar  cells  are  also  present  The  nerve-fibres  forming  the 
connectives,  the  commissures,  and  the  nerves  have  a  proper  wall,  on 
the  surface  or  in  the  interior  of  which  there  are  oval  nuclei ;  the 
inclosed  substance  is  viscid  and  slightly  granular,  and  contams  a 
central  bundle  of  fibrils,  or  the  fibnls  are  isolated.  The  central 
nerve-chain  and  the  nerves  are  invested  in  two  sheaths,  one  of  which 
is  structureless,  and  appears  to  be  of  a  cuticular  nature,  while  the 
other  is  formed  of  imbricated  lamellae,  which,  in  the  macrourous 
Crustacea,  forms  a  partition  in  the  connectives.  The  nerve-cells  on 
the  ventried  face  of  a  ganglion  send  off  prolongations  into  its  centre ; 
this  centre  is  formed  of  nerve-fibres,  and  of  prolongations  from  the 
cells;  the  two  are  closely  united  and  form  a  plexus  whence  the 
nerves  are  given  off.  The  gastro-intestinal  nerves  are  composed  of 
fine  fibres  which  have  the  same  structure  as  those  of  the  vential  chain. 
They  form  two  plexuses,  along  which  nerve-cells  are  to  be  observed. 

la  the  Mollusca  bipolar  or  multipolar  cells  are  very  rarely  found 
among  the  cells  of  the  ganglia,  and  this  is  especially  the  case  in  the 
Ghusteropoda.  The  nerve-cells  are  formed  of  a  ganglionic  globe  on 
the  surfiu^,  and  in  the  interior  there  are  fine  fibrils ;  among  these  are 
fine  fatty  granulations,  which  are  sometimes  variously  coloured.  The 
ganglionic  globe,  which  has  no  investing  membrane,  contains  a  large 
nucleus  and  one  or  more  nucleolL  The  nerves  and  connectives  are 
formed  by  fibres  of  very  various  sizes,  which  are  separated  from  one 

*  Arch.  Zool.  Bxp^.  et  G6i.,  i.  (1883)  pp.  267-408  (4  pis.)- 
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tnoiher  bj  partitionB  developed  from  the  sheath  of  the  nerve.  The 
fibres  th^nselves  are  made  ap  of  fibrils  whieh  are  inclosed  in  a 
slightly  refractive  and  feebly  granular  substance.  The  myenteric 
plexus  formB,  along  the  digestive  tube,  a  triple  plexus,  on  the  branches 
of  which  ganglionic  cells  are  irregularly  scattered.  The  centre  of 
the  ganglia  is  formed  by  a  fibrillar  substance  and  a  slightly  refractive 
body,  which  is  of  the  same  nature  as  the  peripheral  matter  of  the 
cells;  the  central  fibrils  have  no  definite  arrangement;  the  nerves 
arise  £rom  the  centre  of  them.  The  envelope  of  the  nervous  system 
is  formed  by  a  lamellar  connective  tissue,  which  is  composed  of  fine 
fibrils.  Among  the  cells  of  the  ganglia  a  peculiar  kind  of  connective 
cell  was  observed ;  this  was  oval,  and  contained  a  large  nucleus ;  from 
the  two  poles  of  the  cell  long  fibrils  are  given  ofL 

In  the  Hirudinea  all  the  ganglionic  nerve-cells  are  unipolar ;  those 
of  the  gastro-inteetinal  system  have  the  same  essential  structure 
but  are  not  invested  in  a  proper  membrane,  the  sheath  that  invests 
ihem  being  part  of  that  system  which  has  been  compared  by  Banvier 
to  Henle's  sheath  in  vertebrates.  The  fibres  that  make  up  the  nerves 
vary  in  size,  and  are  separated  from  one  another  by  thick  partitions, 
and  are  composed  of  fibrils  inclosed  in  a  slightly  granular  protoplasm. 
The  sympatiietic  system  forms  a  double  plexus  along  the  digestive 
tube,  and  on  its  branches  are  developed  ganglionic  cells.  The  con- 
nective chain  is  formed  by  three  nervous  cylinders ;  no  nuclei  are  to 
be  seen  either  in  the  protoplasm  of  the  connectives  or  of  the  nerves. 
No  multipolar  nerve-cells  are  to  be  found  in  the  centre  of  the  ganglia, 
as  Walter  and  Hermann  have  imagined.  The  investment  of  the 
nervous  system  is  a  continuous  sheath  which  is  only  open  near  the 
ends  of  the  nerves. 

The  last  group  dealt  with  is  that  of  the  Oligochaeta,  and  in  it  we 
find  that  the  nerve-cells  of  the  cerebral  and  ventral  ganglia  are  mostly 
unipolar,  and  are  formed  of  a  viscous  slightly  granular  substance. 
Near  the  homogeneous  nucleus  fatty  granulations  are  to  be  found. 
Bipolar  and  multipolar  c^Us  are  also  to  be  observed,  but  they  do  not 
occupy  any  definite  position.  The  nerve-fibres  form  the  colunms  of 
the  chain,  have  no  proper  walls,  but  are  simply  bounded  by  the  par- 
titions of  connective  tissue ;  these  tubes  are  formed  of  a  viscous  and 
almost  homogeneous  substance,  which  is  only  feebly  coloured  by 
osmio  acid ;  ^ese  fibres  anastomose  with  one  another. 

The  giant  nerve-tubes  are  three  in  number,  and  extend  along 
aknost  the  whole  length  of  the  chain.  The  central,  which  is  the 
largest,  commences  at  the  middle  of  the  first  ganglion,  and  the  other 
two  at  the  second ;  they  end  at  the  terminal  ganglia.  They  appear 
to  have  no  relation  to  the  nerve-fibres. 

The  nerves  have  the  same  structures  as  the  fibres  of  the  columns. 

The  whole  system  (with  the  exception  of  the  cerebral  ganglia)  is 
oompletelv  invested  in  three  sheaths— epithelial,  muscular,  and  struo- 
toreless  {of  a  cuticular  character);  tiie  first  and  third  are  alone 
formed  on  the  cerebral  ganglia. 

All  the  ventral  ganglia  give  off  three  nerves  on  either  side.  The 
first  is  very  sharply  distinguished  into  two  halves. 

flsr.  2.— YoL.  IV.  D 
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Tracks  of  Terrestrial  and  Fresh-water  Animals.*— T.  H'E. 
Hngbes  describes  some  peculiar  markings  on  mnd,  the  manner  of 
formation  of  which  be  has  been  able  to  observe,  and  points  oat  how 
tbey  explain  away  difficulties  which  have  arisen  in  the  interpretation 
of  certain  fossil  tracks,  showing  that  some  of  the  characters  most  relied 
npon  to  prove  the  vegetable  origin  of  the  fossil  forms,  such  as 
branching,  solid  section,  &c.,  could  be  produced  by  animals. 

His  observations  were  made  on  certain  pits  in  the  district  about 
Cambridge  which  are  filled  with  the  fine  mud  produced  in  washing 
out  the  phosphatic  nodules  from  the  Cambridge  greensand.  As  the 
water  gradually  dries  up,  a  surfJAoe  of  extremely  fine  calcareous  mud 
is  exposed.  This  deposit  is  often  very  finely  laminated,  and  occa- 
sionally among  the  laminae  old  surfaces  can  be  discovered,  which, 
after  having  been  exposed  for  some  time  to  the  air,  had  been  covered 
up  by  a  fresh  inflow  of  watery  mud  into  the  pit.  The  author  describes 
the  character  of  the  cracks  made  in  the  process  of  drying,  and  the 
results  produced  when  these  were  filled  up.  He  also  describes  the 
tracks  made  by  various  insects,  indicating  how  these  are  modified  by 
the  degree  of  softness  of  the  mud,  and  points  out  the  differences  in 
the  tracks  produced  by  insects  with  legs  and  elytra,  and  by  annelids, 
such  as  earthworms.  The  marks  made  by  various  worms  and  larvso 
which  burrow  in  the  mud  are  also  described.  Marks  resembling 
those  called  Nereites  and  Myrianiies  are  produced  by  a  variety  of 
animals.  The  groups  of  ice-spicules  which  are  formed  during  a 
frosty  nieht  also  leave  their  impress  on  the  mud.  The  author 
expresses^  the  opinion  that  Gruziana,  Nereites,  Orossopodia,  and  PoZcbo- 
chorda  are  mere  tracks,  not  marine  vegetation,  as  has  been  suggested 
in  the  case  of  the  first,  or,  in  the  second,  the  impression  of  the  actual 
body  of  ciliated  worms. 

Orowth  of  Carapace  of  Crustacea  and  of  Shell  of  Holln8ca.t — 
A  notice  is  here  given  of  T.  Tullberg's  essay  on  this  subject,^  in 
which  he  states  that  the  carapace  of  the  lobster  is  formed  by  the 
subjacent  cells,  the  outer  part  of  which  becomes  directly  converted 
into  the  hard  covering ;  the  striation  is  duo  to  the  fibres  being  im- 
bedded in  the  fundamental  substance ;  these  fibres  are  formed  by  the 
cells  at  the  time  when  the  enveloping  substance  is  deposited. 

On  the  other  hand,  the  shell  of  the  Mollusca  is,  for  the  most  part, 
a  secretion  from  the  cells  of  the  mantle,  but  there  is,  in  addition,  a 
substance  which  in  structure  calls  to  mind  the  carapace  of  the  lobster, 
where,  too,  the  outer  part  of  the  cells  gives  rise  to  the  shellHsubstanoe. 
The  operculum  of  the  whelk  appears  to  be  formed  in  the  same  way 
as  its  shell. 

The  researches  have  been  carried  on  in  too  few  species  to  justify 
any  general  conclusions,  but  if  we  take  into  consideration  the  great 
resemblance  which  obtains  between  all  ohitinous  formations,  it  hardly 
seems  rash  to  suppose  that  they  are  all  formed  like  the  carapace  of 

*  Abstr.  Proa  Geol.  Soc.  Lond.,  1883,  No.  443,  pp.  10-11. 
t  Aroh.  Zool.  Expdr.  et  G^n.,  i.  (1883)  pp.  xUziv. 
X  In  K.  Svenska  yeten8.-Akad.  Handl.,  xix.  (1882). 
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the  lobster,  while  the  great  resemblance  between  the  shells  of  Lamelli- 
branchs  and  Oasteropods  aknoet  justifies  the  belief  that  their  mode  of 
fixnnation  is  essentially  the  same. 

Commensalism  between  a  Fish  and  a  Hednsa.* — ^In  a  consign- 
ment from  the  Maoritiiis,  G.  Lunel  found  united  Caranx  melampygus 
and  Crcanhessa  palmtpea.  The  fish  stuck  with  the  greater  part  of  its 
body  in  the  apertures  which  are  formed  by  the  four  columns  uniting 
the  stomach  with  the  nectocalyx,  and  trayersed  by  the  gastro-vascular 
canals.  This  union  could  not  be  explained  by  the  hypothesis  that  the 
animal  had  sought  out  the  other  as  its  prey  and  means  of  nourishment. 
For  the  medusa  belongs  to  a  family  which  possesses  no  proper  oral 
aperture,  but  only  a  series  of  microscopic  pores,  which  can  only 
take  in  very  finely  divided  nourishment,  and  the  fish  had  merely 
taken  up  his  quarters  in  a  natural  hollow  of  the  medusa,  which  was 
only  enlarged,  but  in  no  way  injured,  by  the  long  residence  of  the 
fish. 

It  was  ascertained  that  the  fisherman  had  taken  the  two  animals 
together  in  that  position ;  and  that  several  years  ago  there  had  been 
seen  on  the  coast,  in  a  depth  of  about  six  inches  below  the  surface,  a 
fish  of  the  same  kind  in  conjunction  with  an  anemone,  and  going  in 
and  out  of  it  The  anemone  into  which  the  fish  had  entered  was 
living,  for  it  could  be  seen  moving. 

Lunel  arrives  at  the  conclusion  that  there  are  certain  kinds  of  fish 
the  fully  grown  individuals  of  which  live  at  more  or  less  considerable 
depths,  whilst  the  young,  either  on  account  of  an  unknown  peculiarity 
of  their  organization,  or  because  they  require  a  diet  more  congenial  to 
their  age,  ascend  with  particular  medussB  to  the  upper  regions  of  the 
■ea,  to  find  there  the  countless  small  pelagic  animals  on  which  they 
and  their  hosts  are  nourished.  It  is  noticeable  that  the  fish,  in  order 
to  enter  the  medusa,  must  swim  upon  its  side,  therefore  in  a  very 
abnormal  position. 

SymUosiB  of  Algo  and  Animals.t — K.  Brandt  states  that  the 
occurrence  of  yellow  cells  has  now  been  observed  in  the  following 
groups  of  animals : — ^Badiolaria,  Anthozoa,  Hydrozoa,  Foraminifera, 
Flagellata,  Giliata,  Spongias,  Ctenophora,  Echinoderma,  Bryozoa, 
Turbellaria,  and  Aimelida.  He  is  able  to  add  the  following  to  the 
list  of  species  in  which  they  have  been  detected : — Reniera  cratera^ 
Paraleyonium  elegansy  Aiptasia  iurgida,  Echinocardium  cordatumy 
Holoikuria  tubulosa  (larva),  2h6botnrium  peUucidutn,  and  Eunice 
gigantea. 

Besides  yellow  and  brown  algae,  others  occur  also  in  animals. 
Careen  algae  have  been  found  in  numerous  rhizopods  and  infusoria, 
also  in  fresh-water  sponges,  hydrozoa,  and  turbellaria.  Marine 
sponges  also  contain  blue-green  idgas,  Oscillatoriesd,  and  red  and  red- 
violet  FlorideiB.  Engelnumn's  researches  on  animal  chlorophyll  show 
that  some  modification  must,  however,  be  made  of  the  conclusion  at 

•  Fol'0  *  Baeneil  Zoologiqne  SoiBse,'  i.  (1883)  pp.  65-74  (1  pi.), 
t  Pflfigor*!  Arch.  f.  geaammt  Physiologie,  1883,  pp.  445-54.  Of.  this  Joomal, 
iL  (1882)  pp.  241,  822. 
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wliioli  the  author  had  pieyionslj  arriyed,  that  the  oocurrenoe  of  chloro- 
phyll in  animals  is  invariably  dae  to  the  presence  of  inclosed  algs. 

The  yellow  cells  of  different  animals  differ  from  one  another  very 
considerably  in  their  strnctore ;  but  all  agree  in  possessing  a  chloro- 
phyll-like pigment,  a  nnclens,  and  a  starch-like  product  of  assimila- 
tion. In  almost  all  were  foond  two  different  products  of  assimilation, 
Tiz.  Ist,  grains  containing  a  vacaole,  and  therefore  appearing  like  a 
ring  in  optical  transverse  section,  never  donbly  refractive,  always 
colourless  or  very  pale  blue,  and  coloured  by  pure  iodine  brown 
or  violet,  or,  under  certain  circumstances,  blue-violet;  2nd,  com- 
pact granules,  doubly  refractive  and  of  irregular  form,  of  a  reddish 
or  violet  colour,  and  not  changed  by  treatment  with  iodine.  The 
first  of  these  is  undoubtedly  a  substance  allied  to  starch. 

When  large  quantities  of  the  green  cells  are  carefully  treated  with 
filtered  water,  they  usually  assume  the  form  of  zoospores  with  two 
cilia  at  the  anterior  end ;  their  pigments  being  still  usually  in  the 
form  of  parietal  plates,  and  having  starch-grains  in  their  interior. 

Morphologically  the  yellow  cells  are  very  different  from  chloro- 
phyll-bodies, and  correspond  to  unicellular  chlorophyllaceous  algie, 
while  physiologically  they  behave  altogether  like  chlorophyll-grains. 

By  a  fresh  series  of  experiments  the  author  has  confirmed  the 
view  previously  held  that  the  hosts  or  **  phytozoa "  make  use,  for 
their  own  nutrition,  of  the  products  of  assimilation  which  the  algsd 
obtain  in  excess  through  the  influence  of  light 

MolliiBca. 

Skin  of  Cephalopoda.* — P.  Girod  regards  the  dermis  of  oephalo- 
pods  as  being  essentially  formed  of  connective  tissue,  the  c^ls  of 
which  may  become  the  centre  for  the  formation  of  reticulated  tissue, 
connective  bundles,  pigment-cells,  or  the  so-calkd  iridocysU,  We 
find  two  strata,  one  formed  of  pigment-cells  which  are  motile  chroma- 
tophores,  the  other  of  iridocysts.  The  former  is  the  most  interesting, 
and  has  been  very  extensively  studied.  For  its  further  comprehension 
it  is  well  to  distinguish  the  two  constituent  parts  of  the  chromato- 
phore :  the  pigmeni-ceU,  which  is  nothing  else  than  the  central  spot, 
filled  with  coloured  granulations,  and  the  radial  bundles  which  form 
a  complete  crown  around  the  cell.  The  chromatophore,  thus  con- 
stituted, moves  in  a  space  which  may  be  called  the  peripheral  tpace. 

The  pigment-cell  varies  in  size  according  to  the  degree  of  con- 
traction or  expansion  of  the  chromatophore.  The  basal  cell  of  the 
radial  bundle  is  rounded  during  contraction,  elongated  and  flattened 
during  expansion.  The  fibres  which  make  up  the  bundle  approach 
one  another  during  contraction,  and  separate  on  expansion.  The 
inter&scicular  spaces  are  elongated  during  contraction,  wider  and 
flatter  during  expansion.  Oirod  denies  the  contractile  muscular 
nature  of  the  radial  bundles,  and  regards  them  simply  as  formed  of 
connective  tissue.     It  is  clear,  therefore,  that,  on  this  view,  the 

•  Arch.  Zool.  Bxp€r.  et  G^n.,  i.  (1888)  pp.  225-66  (1  pi.). 
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Imndles  oannol  be  regaided  as  taking  any  aotive  part  in  the  expansion 
of  the  chromatophores.  Tbeir  importance  lies  in  their  being  the 
agents  for  the  fixation  of  the  pigment-cells  in  the  layers  which  they 
oocnpy.  The  contraction  of  the  chromatophore  is  dne  rather  to  the 
elasticity  of  the  capsule  and  the  contraction  of  the  basal  cells ;  the 
expansion  of  the  cell  seems  to  be  dne  to  its  protoplasm. 

The  layer  of  iridocysts  is  formed  of  a  series  of  plates  formed  from 
the  primitive  connecti^e-tissne-cells ;  they  have  a  central  nnclens, 
and  are  made  np  of  a  number  of  rods.  Where  the  iridocysts  are  only 
arranged  in  one  layer  they  are  more  closely  packed. 

In  the  developmental  history  of  the  layer  of  chromatophores  the 
first  point  is  the  conversion  of  certain  cells  into  pigment-cells ;  around 
these  other  cells  become  grouped ;  the  intermediate  cells  then  increase 
in  number,  or  form  fresh  pigment-cells,  and  new  "  common  cells," 
which,  in  iJieir  turn,  are  capable  of  proliferation.  The  pigment-ceU, 
once  constituted,  grows  rapidly,  though  the  nucleus  remains  of  the 
same  size  all  through  the  period  of  growth.  The  limiting  cells 
divide,  and  so  increase  in  number  till  there  are  from  twenty  to  thirty 
of  them.  The  radial  bundles  are  formed  by  the  striation  of  the  cells 
of  the  peripheral  reticulum. 

Deyelopment  of  Oills  of  Cephalopods.* — ^L.  Joubin  describes  the 
gills  of  jS^epta  offidndlis  as  commencing  under  the  form  of  two  small 
rods  placed  symmetrically  in  relation  to  the  antero-posterior  plane, 
and  in  the  middle  of  what  will  become  the  posterior  wall  of  the 
pallial  cavity.  The  bud,  which  is  primitively  due  to  an  outgrowth  of 
the  epithelial  layer,  soon  elongates,  becomes  rounded  at  its  tip,  and 
attached  by  a  wide  base.  The  bud  then  flattens,  and  its  hinder  face 
becomes  applied  to  the  visceral  mass,  while  the  anterior  is  still 
oovered  by  tiie  mantle. 

One  and  then  a  second  fold,  and  afterwards  others,  appear  on  the 
bud,  and  these  form  depressions  on  one  surface  which  correspond  to 
elevations  on  the  other.  Although  these  folds  increase  in  number 
they  do  not  occupy  the  whole  face  of  the  young  gill ;  along  its  edge 
there  remains  a  space,  and  in  the  anterior  of  these  an  efferent  vessel 
is  developed,  and  in  the  posterior  the  special  branchial  gland. 

Any  one  elevation  may  be  regarded  as  a  semicircle  formed  of 
three  parallel  arcs  of  cells.  If  these  be  fixed  at  their  extremities, 
and  if  the  arcs  were  to  grow  equally,  we  should  soon  have  a  large, 
deep,  and  more  or  less  conical  ctd-de-sac.  This  is  not,  however,  what 
happens.  The  cells  of  the  median  layer  increase  in  number,  and 
push  forwards  the  epithelium  of  the  convex  surface,  while  that  of  the 
concave  remains  unaltered ;  the  middle  layer  soon  forms  a  stratum 
invested  on  either  side  by  the  convex  epithelium ;  the  cells  of  this 
stratum,  which  at  first  touched  one  another,  soon  become  separate, 
and  give  rise  to  intermediate  lacunsB  and  vessels. 

Each  of  the  layers  thus  formed  gives  rise,  in  its  turn,  to  a  series 
of  transversely  disposed  elevations,  which  soon  form  hollow  out- 
growths, this  time  on  either  side.    Finally,  in  the  adult  there  is  a 

*  Oomptfls  Bendus,  xoTii.  (1888)  pp.  107&-8. 
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third  series  of  outgrowths,  which  do  not  appear  till  the  emhryo  is 
about  to  leave  the  egg. 

The  efferent  blood-vessel  is  early  developed,  occupies  almost  the 
centre  of  the  organ,  and  is  contained  in  the  base  of  the  layers  and  of 
the  branchial  gland.  The  efferent  vessel  is  developed  on  the  crest  of 
the  gill  and  on  the  outer  edge  of  the  layers  just  described ;  it  has  the 
same  undulating  course  as  the  parts  which  carry  it,  and  is,  at  the  base 
of  the  gill,  directly  continuous  with  the  auricle  of  its  own  side. 

Further  Eese&rches  on  Nudibranchs.* — ^B.  Bergh  prints  an  im- 
portant paper,  illustrated  by  five  plates,  as  a  supplement  to  his  mono- 
graph of  the  family  of  which  Polycera  Cuvier  is  the  typical  genus. 

After  a  number  of  general  notes  on  species  and  genera,  among 
which  is  the  description  of  Ohola,  a  new  genus  collected  by  the 
'  Challenger,'  at  Trapura,  in  the  South  Seas,  the  author  considers  the 
DorididsB  in  general,  with  their  divisions  and  probable  phylogeny. 
The  genus  Heterodoris  of  Vernll  and  Emerson  is  considered  as  pro- 
bably belonging  to  a  different  family.  The  Doridid®  are  separated 
into  two  very  well  marked  groups  by  the  possession  of  a  single  large 
retractile  crown  of  gills,  or  of  numerous  retractile  branchia :  Crypto- 
branchiata  and  Phanerobranchiata  respectively.  The  latter,  connected 
with  the  typical  DorididsB  through  Siauradarisy  diverge  in  two  lines, 
of  which  tiie  more  ancient  forms  are  Notodoris  and  Aldodoris,  The 
former  culminates  in  Placamophorus,  with  Ohola  as  a  lateral  branchlet. 
The  latter  passes  through  Acanthodoris,  OaniodoriB,  &c.,  towards  Ancida 
and  Drepania. 

The  phanerobranchiate,  non-suctorial  DorididsB  form  the  Poly- 
ceradsB  (better  Polyceratidie)  of  Bergh,  and  the  suctorial  forms  his 
Ooniodorididfls.  A  synopsis  of  the  genera  and  species  of  these  groups 
is  given.  They  inhabit  all  seas,  but  are  largest  and  most  beautiful 
in  the  warmer  regions. 

Functions  of  the  Eenal  Sac  of  Heteropoda.t — ^L.  Joliet  was  able 
to  notice  on  a  living  PhyUirhoe  that  the  renal  sac  was  folded,  and  that 
it  opened  slowly ;  this  movement  was  clearly  due  to  the  action  of  the 
cilia  of  the  pericardiac  orifice.  When  the  sac  was  full  its  own  orifice 
opened  slowly,  remained  visible  for  some  seconds,  and  then  dis- 
appeared. In  the  Firolidffi  there  is  a  system  of  external  muscles,  by 
means  of  which  the  renal  organ  may  perform  a  true  diastole.  The 
author  addressed  himself  to  the  problem  whether  the  water  taken  in 
this  diastole  entered  into  the  pericardium,  or  whether,  on  the  contrary, 
water  passed  out  from  that  cavity.  The  results  of  his  observations  of 
living  forms  were  to  convince  him  that  the  water  which  bathes  the 
renal  cavity  does  not  enter  into  the  pericardium,  and  that  it  is  the 
function  of  the  renal  sac  to  extract  liquid  from  the  blood,  to  expel  it 
to  the  exterior,  but  not  to  draw  water  from  without  to  pass  it  into  the 
blood.  In  fine,  we  must  agree  with  the  teaching  of  Lacaze-Duthiers, 
that  an  organ  whose  principal  function  is  to  secrete  the  products  of 

*  Verh.  Zool.  Bot.  Gesellsoh.  Wien,  1883.    Of.  Science,  ii.  (1883)  p.  748. 
t  Comptes  BendoB,  xcvil.  (1883)  pp.  1078-81. 
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Qzoretion,  cannot  be  well  looked  for  in  the  coarse  of  currents  which 
pass  into  the  organism,  bat  may  be  well  soaght  for  along  a  line  of 
centrifugal  currents. 

Interstitial  Gonneetiye  Substance  of  MoUusca.* — J.  Brock 'finds 
that  the  interstitial  connectiye  substance  of  molluscs  is  very  ordinarily 
found  in  the  region  of  the  central  nervous  system,  and  of  the  great 
nerves  and  vessels  lining  the  inner  surface  of  the  coBlom,  and  on  and 
between  the  viscera ;  the  amount  present  varies  greatly  in  different 
species,  being,  for  example,  richly  developed  around  the  central 
nervous  system  of  Opisthobranchs,  though  very  sparsely  so  in  Pul- 
monates ;  while  the  conditions  are  reversed  when  we  come  to  examine 
the  viscera.  The  author  deals  in  detail  with  Aplyna  punctata^  A, 
faseicUaj  A,  depilans,  Pleurcbranchus  sp.,  PleurohranchcBa  mecheli^  Helix 
ponuUta,  JET  nemoralisy  Limax  agrestia,  and  Arian  empiricorum. 

The  observations  of  those  who  have  studied  the  embryology  of 
the  Mollusca  appear  to  make  it  certain  that,  in  the  later  stages  of 
their  development,  a  large  quantity  of  spindle-shaped  or  branched 
mesodermal  cells  are  to  be  found  in  the  coelom ;  it  is  from  them  that, 
in  all  probability,  the  connective  substance  is  derived.  To  connect 
the  one  with  the  other  it  is  only  necessary  for  a  homogeneous  inter- 
cellular substance  to  be  secreted ;  by  means  of  their  processes  the 
cells  come  into  connection  with  one  another,  and  so  give  rise  to  the 
network.  Other  cells  increase  in  length  and  break  up  into  fibrils, 
and  thus  the  whole  body  becomes  traversed  by  a  connected  network 
of  nucleated  bundles  of  fibrils,  which  are  surrounded  by  a  plexus  of 
unaltered  mesodermal  cells.  Tet  other  cells  become  altered  in  com- 
position, and  become  filled  with  carbonate  of  lime  or  concretions  of  an 
indefinite  character.  If  this  be  the  mode  of  genesis  of  the  interstitial 
substance  the  lowest  conditions  are  to  be  found  in  the  Opisthobranchs ; 
the  plasma-cells  are  exquisitely  delicate  bands  in  Pleurobranchcea,  and 
large  compact  cells  with  sharp  processes  in  Aplyaia  punctata. 

With  regard  to  the  vexed  question  of  the  cellular  lining  of  the 
ccslom  Broch  comes  to  the  following  conclusion:  the  Enterocoelia 
always  have  a  peritoneal  epithelium  which  is  derived  from  the  endo- 
derm,  and  which,  therefore,  represents  a  true  epithelium ;  the  Pseudo- 
ooelia  have  either  no  (?)  coelomic  epithelium,  or  a  true  endothelium 
f Mollusca)  which  is  derived  from  the  mesoblast  and  has  the  morpho- 
logical vidue  of  cells  of  connective  substance.  This  character  may 
be  distinctly  retained,  as  in  Opisthobranchs  and  Pulmonata,  or  may 
attain  to  a  higher  degree  of  differentiation,  and  taking  on  the  form  of 
a  true  epithelium  obscure  its  original  character,  as  in  Prosobranchs 
(?  all)  and  in  Oephalopods. 

Visual  Orffans  in  Solen.t — B.  Sharp  has  been  led  to  believe  that 
Sdlen  eniU  and  8,  vagina,  the  common  razor-shells,  are  possessed  of 
visual  organs,  by  observing  that  a  number  of  these  animals  which 
were  exposed  in  a  large  basin  for  sale  in  Naples  retracted  their 
siphons  when  his  hand  cast  a  shadow  over  them.    Eepeating  the 

•  Zeitschr.  t  Wiss.  Zool.,  xzxiz.  (1883)  pp.  1-63  (4  pla.> ! 
t  Pioc  Acad.  Nat.  8oi.  Philad.,  1883,  pp.  248-9. 
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experiment  at  the  Zoological  Station,  he  became  conyinced  that  the 
retraction  was  due  to  the  shadow,  and  not  to  a  slight  jar  which  might 
have  been  the  cause. 

Upon  examining  the  siphon,  he  found  as  nuuiy  as  fifty-five  blackish- 
brown  lines  or  grooves  between,  and  at  the  base  of,  the  short  tentacular 
processes  of  the  external  edge.  When  a  vertical  section  of  these 
pigmented  grooves  is  made,  the  cells  of  which  they  are  composed 
are  found  to  be  very  different  from  the  ordinary  epithelial  cells  of  the 
surrounding  tissue.  The  pigment-cells  are  from  one-third  to  one-half 
longer  than  the  latter,  and  consist  of  three  distinct  parts.  The  upper 
ninth  or  tenth  part  of  each  cell  is  perfectly  transparent,  and  is  not 
at  all  affected  by  the  colouring  matter  used  in  making  the  prepara- 
tion; the  second  part  is  deeply  pigmented  and  opaque,  and  forms 
about  one-half  the  cell ;  while  the  remainder  consists  of  a  clear  mass 
which  takes  a  slight  tinge  when  coloured.  This  portion  contains  a 
well-defined  nucleus  filled  with  granular  matter,  and  is  probably  the 
most  active  part  of  the  celL  These  retinal  cells,  if  so  they  may  be 
called,  resemble  those  of  the  very  primitive  eye  of  PcUella.  The 
yalue  to  the  Solen  of  an  organ  which  would  enable  it  to  detect  the 
shadow  of  approaching  objects  as  it  lies  imbedded  in  the  sand,  with 
the  end  of  Uie  siphon  protruding,  must  be  evident ;  and  the  structure 
of  the  cells  described  bears  sufficient  relation  to  those  of  the  eyes  in 
Patella,  Fissurdla,  and  Halioiis,  to  make  it  highly  probable  that  they 
constitute  true  primitive  visual  organs. 

Arthropoda. 
«•  Inseota. 

Bespiratory  Centre  of  Insects.* — According  to  Ddnho£^  the 
respiratory  centre  in  the  bee  is  situated  in  the  anterior  ganglia,  and 
therefore  the  respiratory  movements  are  put  an  end  to  by  decapitation. 
Dr.  O.  Langendorff,  from  his  investigations,  finds  that  in  the  bee, 
wasp,  and  other  insects,  the  respiratory  movements  are  not  destroyed 
by  removal  of  the  head,  especially  when  by  tearing,  and  not  cutting  it 
ofi^  a  great  loss  of  blood  is  avoided;  the  respiratory  movements 
show  the  same  increased  rapidity  with  a  high  temperature,  slowins 
with  a  low  temperature  in  the  headless  insect  as  in  the  uninjured 
insect. 

A  number  of  experiments  were  also  made  upon  LtbeUula  deprewa 
and  other  insects  belonging  to  the  Pseudoneuroptera,  in  which  group 
the  segmentation  of  the  body  is  very  marked  in  correspondence  with 
their  ancestral  type;  in  these  insects  the  respiratory  centre  is  not 
merely  not  localized  in  the  head,  but  each  segment  is  a  complete 
centre  in  itself,  being  capable  of  respiratory  movements  when  entirely 
isolated.  "A  better  example  to  illustrate  the  physiological  meta- 
merism of  the  insect  body  can  hardly  be  imagined ;  each  segment  with 
its  ganglion  is  a  physiological  unity  1 "  The  results  of  a  great  number 
of  observations  are  fuUy  stated  in  the  paper,  and  several  diagrams 
are  given  of  tracings  obtained  of  the  respiratory  movements. 

*  Arch,  t  Anat.  u.  Physiol.,  1883,  pp.  80-8. 
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Chordotonal  Sense-organs  and  the  Hearing  of  Insects.*— In  a 
long  and  elaborate  accoiint  of  this  subject,  including  numerous  fresh 
observations,  Prof.  Y.  Graber  describes  under  the  above  new  designa- 
tion the  rod-like  terminal  secretory  structures  of  the  nerves  of  certain 
parts  (chiefly  legs  or  wings^  of  insects.  The  general  type  of  rod 
is  distinguished  as  Soulopat^  or  pencil-like,  being  pointed  at  the 
proximal  end;  this  form  is  always  hollow,  and  its  walls  are  extra- 
ordinarily refractive.  In  general,  an  insect  has  but  one  form  of 
these  rods.  Two  subordinate  forms  are  distinguished :  (a)  Mono- 
nemaHc  and()3)  amp^tnamoiic,.  according  as  the  distal  end  is,  or  is  not, 
pointed  like  the  proximal ;  in  the  mononematio  the  distal  end  runs 
out  into  a  slender  filament.  Mononematic  rods  may  be  either  (a) 
eonoeephaUe,  with  conical  heads  (larva  of  Tahanus,  of  Tortrix  sp., 
Orthoptera  and  some  FormicidcB);  0))  Apioeephalie  (a  Phryganid- 
larva),  head  bltmter;  (c)  Conacocepnalicy  truncate-conically  headed 
{Dytiscut^  some  Chironomus  larvsB,  &c,)  ;  (d)  Cylindroce^halic,  head  of 
equal  diameter  throughout  (a  saw-fly  larva). 

The  amphinematic  form  of  rod  occurs  in  Coreihra^  larva  of  Syrphiu^ 
PediculidiB,  The  fine  distal  process  is  to  be  regarded  as  the  termina- 
tion of  the  head  of  the  rod,  and  not  as  a  prolongation  of  the  nerve- 
fibre.  An  essential  difference  between  the  amphinematic  and  mono- 
nematic rod  is  that,  in  the  former,  the  nervous  axial  filament  is  firmly 
fixed  or  stretched  within  the  cavity  of  the  rod,  while  in  the  latter  its 
distal  end  lies  loose  in  the  liquid  which  this  cavity  contains. 

In  the  **  scolopophors,"  or  tubular  end-organs  of  the  chordotonal 
nerves,  the  "  chord  "  of  the  rod  is  a  prolongation  of  an  axial  process 
of  the  basal  ganfflion-cell.  The  usually  compound  masses  of  these 
organs  vary  greatly  in  the  number  of  units  contained  in  them ;  from 
occurring  singly  in  Tahanus  most  Chironomi,  they  may  number 
upwards  of  100  (tympanal  organ  of  Acrididce)  or  200  (some  ^*  pori- 
ferous'* organs)  in  the  same  sense-organ;  where  they  are  few  in 
number  they  are  commonly  very  intimately  connected,  so  that  in  some 
cases  the  contours  of  the  different  tubes  are  almost  invisible  (jOorethra^ 
Piffchopieraf  Tortrix^  Syrphtu,  &c.).  In  some  genera  (Oorethra,  &c.) 
the  chordotonal  organ  of  each  segment  is  fastened  to  tne  integument 
by  a  special  ^  ligament  *'  consisting  of  a  thin-walled  tube  in  continua- 
tion with  the  sheath  of  the  nerve,  and  filled  with  a  homogeneous  and 
slightly  granular  mass,  and  extending  in  a  direction  opposite  to  that 
of  the  chordotonal  organ  itself. 

Of  the  general  positions  in  which  these  organs  occur,  Graber  states 
that  the  typical  forms  are  always  extended  from  one  relatively  immo- 
bile point  of  the  integument  to  another,  e.  g.  any  one  of  the  organs  is 
wholly  contained  in  one  segment,  and  never  invades  the  bands  con- 
necting the  segments ;  they  also  show  a  tendency  to  have  as  great  a 
length  as  the  available  space  will  admit  of,  and  to  maintain  a  rela- 
tively superficial  position.  They  are  as  widely  distributed  among 
insects  as  the  optic  and  tactile  organs,  in  proof  of  which  tables  are 
given,  deduced  from  observations  (chiefly  by  Graber)  made  on  upwards 

*  Aiob.  t  Mikr.  Anai,  xx.  (1882)  pp.  506-640  (6  pie.). 
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of  sixty  genera  belonging  to  all  the  orders.  These  tables  show  far- 
ther that  their  most  usual  seat  is  the  hind-wings  or  halteres,  the  next 
the  fore-wings ;  the  legs  are  more  often  thus  en(iployed  in  the  lower 
orders  (Hemipteraf  Neuropteray  and  Orthoptera)  than  the  wings. 

As  regards  their  phjlogenj,  Prol  Graber  considers  the  serially 
arranged  organs  to  have  been  derived  from  an  original  dispersed 
condition,  and  the  simplest  scolopoferous  forms  from  nerve-endings 
devoid  of  rods. 

The  physiological  division  of  Prof.  Graber's  work*  leads  np  to 
the  conclusion  that  the  function  of  these  organs  is  probably  auditory. 
Bounding  a  loud  note  on  a  violin  not  far  from  a  specimen  of  Blatta 
germaniea  engaged  in  walking  across  the  floor,  is  followed  by  the 
immediate  cessation  of  the  movement ;  this  may  be  repeated  several 
times  with  a  like  result  if  the  intervals  between  the  notes  are  not  too 
short.  With  specimens  placed  in  a  wide  glass  vessel  the  same  thing 
occurs ;  a  Blaita  deprived  of  its  eyes,  and  suspended  by  one  leg  and 
allowed  to  become  quite  motionless,  manifested  great  excitement, 
jerking  itself  upwards,  on  a  loud  note  being  sounded  on  a  violin  at 
about  a  metre's  distance.  CoccineUa  behaves  similarly,  but  in  a  less 
striking  manner.  Of  water-insects,  Graber  finds  that  Corixa  darts 
wildly  about  when  the  edge  of  the  glass  side  of  the  aquarium  is  tapped 
with  a  glass  rod;  further  experiments  show  that  mere  mechanical 
vibration  is  not  the  cause  of  the  movement,  but  that  it  is  due  to 
pure  sound.  Important  evidence  was  obtained  as  to  the  quality  of 
sound  audible  to  these  insects ;  for  neither  did  a  loud  but  deep  toned 
hand-bell  sounded  outside  the  aquarium,  nor  the  lower  notes  of  a 
violin,  produce  much  result,  but  the  notes  E  to  D,  &c.,  on  the  latter 
instrument  always  increased  in  the  most  striking  manner  the  number 
of  water-bugs  aroused.  The  water-beetle  Laccophihia  is  most  readily 
excited,  and  in  great  numbers ;  DyttBcus  marginalia  and  Nepa  cinerea 
also  reacts  strongly  to  loud  sounds.  On  the  other  hand  many  aquatic 
larv8B,  especially  EphemeridcB,  exhibit  no  distinct  perception  of  sound, 
though  remarkably  sensitive  to  mechanical  agitation  of  the  surround- 
ing medium.  Variations  in  the  intensity  of  sound  may  be  demon- 
strated to  be  perceptible  to  insects. 

Facts  such  as  the  great  manifest  sensitiveness  of  many  insects  to 
the  grasshopper's  chirp,  too  great  to  be  explained  as  due  to  tactile 
sensation,  militate  against  the  hypothesis  that  the  sense  involved 
is  merely  tactile.  Comparison  of  the  structure  of  the  tympanal 
chordotonal  organs  with  that  of  the  vertebrate  ear  leaves  it  probable 
that  the  former  have  acoustic  properties;  in  the  GryllidsB  the  tym- 
panum and  auditory  meatus  are  both  represented  (the  latter  by 
tracheal  tubes,  the  former  by  a  peculiar  enlargement  of  the  trachea), 
the  organ  of  Corti  is  of  course  represented  by  the  scolopoferous  and 
other  chordotonal  nerve-endings  already  described ;  they  exhibit  a  con- 
siderable variety  in  the  amount  of  their  sympathy  with  the  movements 
of  the  tympanic  organs  in  the  diflferent  cases. 

The  primitive  fonns  of  chordotonal  organ  appear  to  have  the 

*  Loo.  oii,  xxL  (1882)  pp.  65-145. 
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lamefiuiction  as  the  more  highly  evolyed.  It  is  a  fair  inference  from 
the  nature  of  the  materials  composing  these  organs  in  insects  that 
they  are  capable  of  transmitting  vibrations  of  a  high  degree  of  rapidity. 
To  certain  objections  to  the  aconstio  theory  of  the  functions  of  these 
organs  it  is  replied  that  experiments  show  that  this  function  in 
insects  is  not  exclusively  owned  by  the  brain  and  the  head,  but  that 
the  perception  of  auditory  sensations  has  its  seat  also  in  part  in  the 
ventral  ganglia. 

A.  B.  Lee  *  has  also  examined  these  organs  in  a  number  of  Dipteran 
larviB.  He  finds  that,  as  a  rule,  there  is  one  compound  (polyscolopic) 
and  one  simple  (monoscolopic)  organ  in  each  segment ;  they  are 
always  arranged  in  a  bilaterally  symmetrical  manner ;  the  number  of 
elements  in  tibie  compound  organ  is  generally  3,  but  may  be  2,  4,  or  5. 
In  opposition  to  the  received  view  that  the  nerve-endings  are  rod-like 
bodies,  consisting  of  body,  head,  and  point  of  apex,  the  apex  ending 
in  a  chord  and  the  body  being  traversed  by  an  axial  fibre  which  is 
the  termination  of  the  axial  fibre  of  a  ganglion,  Lee  finds  that  there 
is  no  "  apex "  to  the  body,  and  that  the  ^^  chord "  of  Graber's  paper 
is  a  complex,  not  a  simple  termination  of  a  ganglion-cell,  that 
the  axial  fibre  does  not  belong  to  the  chord,  and  Uiat  the  whole 
rod  is  to  be  regarded  as  a  capsular  investment  of  a  swollen  nerve- 
ending,  and  not  as  the  nerve-ending  itself.  The  appearances  of 
^apex"  and  '^  chord,"  so  often  seen,  are  produced  by  certain  con- 
ditions of  the  tubular  wall,  termed  by  Lee  "  apical  tube,"  which  is 
continued  beyond  the  ends  of  the  rods,  hence  the  chord  is  made  up  of 
an  axial  fibre  and  an  apical  tube ;  this  is  the  case  with  all  the  auditory 
rods  examined.  The  axial  fibre  ends  in  a  hollow  bulb  at  the  distid 
end  of  the  head  of  the  rod  in  the  larva  of  Simultum.  The  head  of 
the  rod  consists  of  two  segments  in  all  examples  which  were  studied, 
the  proximal  division  having  the  form  of  a  truncate  cone,  the  distal 
that  of  a  perfect  cone;  the  alleged  cylindrical  and  conacoid  forms 
appear  from  experiments  to  be  due  to  imperfect  resolving  power  in 
the  Microscope  employed ;  or,  in  the  case  of  the  conacocephalic  form, 
to  a  delicate  membrane  which  bridges  over  and  conceals  the  angle 
between  the  body  and  its  shoulder.  Lee  comes  to  the  conclusion  that 
what  Graber  describes  as  distal  prolongations  of  the  heads,  from  which 
the  ideas  implied  in  amphinematic  and  mononematic  are  derived, 
have  no  real  existence,  but  that  the  appearance  is  produced  by  the 
lumen  of  a  tube  prolonged  forwards  from  all  around  the  head,  and 
attached  distally. 

Vumber  of  Segments  in  the  Head  of  Wins^ed  Insects-t — The 
statements  concerning  the  number  of  segments  wnich  form  the  head 
of  insects  are  very  conflicting ;  thus,  while  Burmeister  only  recog- 
nizes two,  Strauss-Durckheim  allows  as  many  as  seven.  Dr.  A.  S. 
Packard,  jun.,  from  the  study  of  the  embryos  of  a  great  many  types, 
considers  that  four  segments  are  always  to  be  found,  the  appendages 
oonesponding  to  these  being  the  antennsB,  mandibles,  first  maxilln, 

*  Loo.  oit,  xxiii.  (1883)  pp.  133-9  (1  pi.). 
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fleoond  maxillflB  riabiam).  The  clypens  and  labmm,  however,  remain 
to  be  acconnted  lor,  and  probably  represent  the  tergal  portion  of  the 
antennary  segment,  the  procephalic  lobes  forming  its  pleural  portion ; 
these  latter  beoome  the  epicranium  of  the  adult ;  hence  the  head  of 
an  adult  insect  is  chiefly  made  up  of  the  first,  or  antennary  segment. 
The  so-called  '* occiput"  is  shown  to  be  the  tergal  portion  of  the 
fourth  or  labial  segment;  it  generally  disappears  in  the  adult,  or 
becomes  soldered  to  the  epicranium,  but  remains  in  Oorydalua  (a 
Neuropterous  insect)  as  the  base  of  the  head. 

The  remainder  of  the  original  segments  are  obsolete,  and  take  no 
part  in  the  formation  of  the  epicranium  in  the  adult. 

FroteotlYe  Device  employed  by  a  Olaucopid  Caterpillar.* — ^It 
is  well  known  that  many  caterpillars,  e.  g.  those  of  the  ArctiidsB, 
interweave  their  prickly  hairs  with  their  cocoons,  thus  not  only  ren- 
dering the  latter  stronger  and  thicker,  but  also  furnishing  a  land  of 
protection  in  those  species  in  which  the  hairs  have  an  urticating 
power.  A  novel  and  ingenious  method  of  utilising  its  hair  for  the 
TOTotection  of  the  chrysaUs  is  that  employed  by  the  larva  of  Eupamia 
jSSagruSy  as  described  and  figured  by  Dr.  Fritz  M&Uer.  Around  the 
slender  twig  to  which  it  intends  to  futen  its  chrysalis,  the  larva 
constructs  from  its  hairs,  before  and  behind  itself,  a  series  of  whorLs, 
about  six  in  number,  the  hairs  in  each  whorl  being  vertically  and 
very  densely  fiEustened  to  the  twig.  The  inside  whorls  are  so  fastened 
that  they  incline  over  the  head  and  tail  ends  of  the  pupa.  Between 
these  two  formidable  rows  of  palisades  the  pupa  rests  safe  from  the 
attacks  of  any  small  and  un winged  enemy. 

Formation  of  Honeyoomb.t— It  is  well  known  that  the  cells  of 
honeycomb  afford  the  largest  possible  space  and  the  greatest  strength 
with  the  least  possible  expenditure  of  material ;  but  the  subject 
has  not  been  properly  investigated  in  a  scientific  manner.  The  earlier 
researches  of  Maraldi  and  others  at  the  commencement  of  the 
eighteenth  century  showed  that  each  cell  in  the  honeycomb  of  bees 
consisted  of  a  six-sided  column  bounded  in  the  middle  layer  of  the 
oomb  by  a  three-sided  pyramid,  and  that  the  sides  of  the  cells  in 
the  deepest  portion  form  with  each  other  angles  of  120°,  and  the 
mathematical  relations  of  the  angles  and  sides  of  the  cells  to  one 
another  were  investigated.  The  actual  way  in  which  the  bees  form 
the  cells  has  been  closely  observed  by  Dr.  E.  Mtillenhoff. 

A  number  of  the  insects,  at  least  a  dozen  on  each  side,  commence 
to  form  the  comb,  and  they  are  so  arranged  as  to  be  exactly  opposite 
one  another ;  by  mutual  pressure  therefore  the  lump  of  wax  which 
each  bee  carries  in  its  jaws  becomes  pressed  out  to  form  a  plate ;  each 
bee,  however,  avoids  coming  into  contact  with  the  bee  in  front,  and 
therefore  the  middle  lamella  of  the  honeyoomb  gets  to  be  formed  out 
of  as  many  pairs  of  parallel  trapezes  as  there  are  bees  on  each  side.  In 
a  similar  way  the  whole  process  of  building  the  honeycomb  was 
observed,  and  the  observation  showed  clearly  ^t  the  wonderful  com- 
plexity and  mathematical  accuracy  of  the  whole  structure  was  not  in 

*  KoBmoB,  xiL  (1888)  p.  449  (flf^B.).    Of.  Amer.  Natural,  xvii  (1888)  p.  1289. 
t  Pflfigei'i  Aidi.  f.  genmmt  Phynol.,  xxxii  (1888)  pp.  589-618. 
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the  least  owing  to  the  deyelopment  of  a  high  instinct  in  the  bees,  bnt 
simply  to  physical  laws  dependent  npon  the  position  assmned  by  the 
workers  and  to  the  shape  of  their  body  and  the  plasticity  of  the  wax. 
The  cells  of  the  comb  are  in  reality  circular,  and  in  those  species  of 
wasps  and  bees  which  form  but  a  single  cell  remain  circular ;  the  pris- 
matic shape  of  the  cells  of  a  complex  honeycomb  is  simply  owing  to 
the  mutual  pressure  of  the  adjacent  cells  and  is  strictly  analogous  to  the 
formation  of  cylindrical  prismatic  soap-bubbles  by  mutual  pressure. 

We  remember  to  have  seen  this  explanation  before,  tiiough  we 
cannot  now  fix  the  reference. 

Month-Org^ans  of  Ehynchota.* — 0.  Geise  regards  the  flattened  or 
more  or  less  curved  process  of  the  dypeus  of  the  Rhynchota  as  the 
homologue  of  the  labrum  of  beetles ;  the  jointed  groove  corresponds 
to  the  labium,  the  two  separable  set®  to  tiie  mandibles,  and  the  two, 
only  with  difficulty  separable,  set®  to  the  maxillsB  of  biting  insects. 
He  next  considers  the  structure  which  Savigny  regarded  as  ^e  ligula, 
but  to  which  most  authors  have  applied  Burmeister's  name  of 
"  Wanzenplatte" ;  he  himself  proposes  to  speak  of  it  as  the  pharynx, 
and  describes  it  as  being  endowed  with  great  elasticity,  and  as  acting 
as  a  pump,  which  is  set  in  action  by  the  contraction  of  muscles 
attached  to  the  body-wall,  whereby  the  space  in  the  walls  in  which 
thisy  are  inserted  is  enlarged,  and  a  vacuum  thereby  formed.  The 
structure  and  relations  of  these  parts  are  entered  into  in  great  detail, 
but  a  full  abstract  of  the  paper  would  be  impossible  without  a  repub- 
lication of  the  figures  to  which  constant  reference  is  made.  The  essay 
should  receive  the  careful  study  of  students  of  the  anatomy  of  insects. 

Development  of  Gtenital  Organs  of  Insects,  t — A.  Schneider  is  here 
reported  as  concluding  that  a  muscidar  fibre  firom  the  heart  serves  as 
the  point  of  origin  of  the  genital  organs  of  insects ;  this  may  be  best 
demonstrated  by  the  larva  of  Coretha  plumicamisy  where  a  fibre  belong- 
ing to  the  dcB  cordis  gives  off  a  branch  which  passes  backwards  and  ends 
at  the  intestine ;  a  little  way  from  its  origin  this  fibre  swells  out  and 
becomes  provided  with  a  large  number  of  nuclei ;  at  a  later  stage 
these  nuclei  may  be  seen  to  belong  to  two  sets  differing  in  size ;  the 
largest  are  surrounded  by  a  layer  of  protoplasm  and  become  the  in- 
dependent cells  of  the  "  primitive  ova." 

In  the  viviparous  CecidomyicB  there  are  ova  which,  like  those  of 
other  insects,  segment  and  undergo  father  development ;  these  are 
never  found  in  the  ovarian  sacs.  In  the  rest  of  the  Diptera  and  in  all 
other  insects  the  primitive  ova  give  rise  to  ovarian  culs-de-sac  In  the 
CnlioidiB  each  primitive  ovum  gives  rise  to  a  sac  in  which  only  one 
definite  egg  is  found. 

When  a  primitive  ovum  is  transformed  into  an  ovarian  sac,  the 
nudeos  divides,  one  half  becomes  much  larger  and  goes  to  form  the 
nucleus  of  the  egg,  while  the  smaller  undergoes  division  and  forms  a 
kind  at  follicle ;  some  of  the  small  nuclei  increase  in  size  and  become 
aggSy  and  in  this  way  moniliform  sacs  are  formed. 

•  Aioh.  f.  Naturg.,  xlix.  (1888)  pp.  815-78  (1  pi.), 
t  Arch.  Zool.  Exp^r.  et  G^n.,  i.  (1883)  p.  zItUT. 
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Gtenital  Ducts  of  Insects.* — J.  A.  Palmen  has  here  a  pre- 
liminary note  of  his  investigationB  into  the  comparatiye  anatomy  of 
the  efferent  ducts  of  the  sexnal  organs  in  insects. 

He  commenced  with  the  EphemeridsB  which  are,  among  insects, 
remarkable  for  haying  the  ducts  paired,  and  that  not  only  in  all  the 
larval  but  also  in  the  imaginal  stages,  and  in  both  sexes.  In  the 
males  the  two  vasa  deferentia  extend,  independently  of  one  another, 
as  far  as  the  ventral  side  of  the  ninth  segment,  where  there  are  placed 
the  appended  copulatory  organs ;  these  the  ducts  traverse  and  open 
at  their  tip  or  at  the  side.  These  appendages  may  be  either  almost 
separate,  or  be  more  or  less  fused  at  their  base ;  in  only  one  species 
examined  was  there  any  transverse  connection  between  the  ducts.  In 
younger  larvae  the  vasa  deferentia  are  delicate  cords  along  which  are 
placed  the  sperm-producing  glands;  in  older  larvae  the  sperm  is 
collected  into  the  cavity  of  these  cords,  the  walls  of  which  become 
enlarged,  while  the  ducts  have  here  the  function  of  yesiculae  seminales ; 
the  distal  portion  of  the  cord  remains  narrow  and  acts  as  an  ejacula- 
tory  duct. 

In  the  female  the  two  oviducts  are  also  independent  and  open 
between  the  seventh  and  eighth  segments ;  the  fold  in  which  the 
orifices  are  placed  has  the  chitinous  layer  of  the  body  continued  into 
it,  and  this  extends  as  far  as  the  orifices  of  the  oviducts.  At  first 
delicate,  the  ducts  become  enlarged  as  the  ova  pass  into  them,  and  an 
organ  of  uterine  appearance  is  developed  proximally,  and  a  vagina 
distally.  On  the  whole  it  would  seem  to  be  clear  that  the  Epheme- 
ridas  represent,  so  far  as  their  sexual  organs  are  concerned,  a  very 
primitive  type  of  organization. 

An  examination  of  the  structure  and  descriptions  given  of  the 
structure  of  the  male  organ  in  several  species  of  Orthoptera  and 
Trichoptera  seem  to  show  that  the  unpaired  ductus  ejaculatorius  of 
these  insects  is  morphologically  an  invagination  of  the  integument 
of  the  body.  In  the  larvae  of  Carethra  the  two  testes  are  attached  to 
the  integument  by  two  cords,  and  in  Chironomtu  there  is  much  the 
same  arrangement.  During  metamorphosis  certain  parts  of  the 
hindermost  abdominal  segments  are  r^uced  and  others  increased 
in  size ;  in  consequence  of  this  the  points  of  insertion  of  the  cords 
— ^that  is  of  the  orifices  of  the  vasa  deferentia — pass  inwards, 
and  this  part  of  the  integument  becomes  unpaired.  In  the  Forficulinae 
the  azygous  condition  of  the  terminal  portion  of  the  male  sexual  ducts 
is  due  to  the  development  of  an  internal  transverse  connection  between 
the  vasa  deferentia,  and  the  consequent  reduction  of  one  of  the  two 
terminal  portions.  In  this,  case,  then,  the  unpaired  ductus  ejacula- 
torius and  the  vesicles  arise  from  the  primitive  vasa  deferentia  and 
not  from  the  integument. 

In  the  Perlidae,  which  stand  close  to  the  Ephemeridae,  we  find 
that  the  oviducts  open  close  to  one  another  at  the  base  of  a  median 
unpaired  vagina.  Ghitin  invades  this  last,  and  here  we  have  an  un- 
paired vagina  which  is,  morphologically,  a  differentiated  interseg- 

*  Morphol.  Jahrb.,  ix.  (188S)  pp.  169-76. 
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mental  fold,  and,  therefore,  a  derivate  of  the  outer  integnment  of  the 
body.  This  procesfi  of  differentiation  in  the  Perlid®  may  be  regarded 
as  typical  of  several  groups  of  insects,  complications  notwithstanding. 
The  generatiye  organs  of  insects  may,  therefore,  be  regarded  as 
formed  from  two  elements  which  are  morphologically  distinct — the 
primitiyely  internal  paired  stmctures  (testes  and  vasa  deferentia, 
ovaries  and  ovidncts)  and  tegomentary  structures.  In  the  least 
differentiated  groups  (as  in  lower  animal  forms)  the  latter  are  only 
represented  by  the  genital  orifices,  and,  consequently,  the  whole  appa- 
ratus is  paired.  The  paired  parts  may  become  secondarily  unpaired 
in  four  different  ways — there  may  be  the  invagination  of  a  common 
tegumentary  portion,  or  the  internal  ducts  may  anastomose  and  fuse 
proximally  to  their  origin,  or  these  two  processes  may  take  effect 
together,  or,  finally,  one  of  the  symmetrical  parts  may  become 
superfluous  and  reduced. 

Thoracic  Musculature  of  Insects.* — C.  Luks  investigated  the 
thoracic  musculature  of  insects  of  every  group,  except,  unfortunately, 
the  Thysanura  and  CoUembola.  He  finds  that  the  wing-muscles  appear 
to  have  developed  along  two  lines ;  in  one,  the  indirect  flying  muscles 
were  almost  completely  aborted,  while  in  the  other  they  were  developed 
at  the  expense  of  the  direct  muscles.  In  close  connection  with  the 
development  and  modification  of  these  muscles  is  the  extent  of  con- 
centration of  the  rings  of  the  thorax  and  the  size  of  the  wings.  In 
the  Orthoptera  all  the  three  segments  of  the  thorax  are  freely  movable 
on  one  another,  while  in  the  Coleoptera  only  the  prothorax  is  so  movable. 
In  the  Lepidoptera  the  prothorax  loses  its  mobility,  though  retaining 
its  distinctness,  while  in  the  Diptera  and  Hymenoptera  the  whole 
region  is  converted  into  a  firm  tiioracic  apparatus,  to  which,  in  the 
latter,  the  first  abdominal  segment  also  becomes  applied.  As  Graber 
has  shown,  we  observe  that  in  insects  which,  by  other  points  in  their 
organization  intimate  that  they  are  more  highly  developed,  one  pair 
of  wings  tends  to  become  aborted,  as  is  seen  in  the  Coleoptera, 
Diptera,  and  even  Lepidoptera  where  the  hinder  pair  of  wings  often 
become  united  with  and  share  in  the  movement  of  the  anterior  pair. 

Early  Developmental  Stages  of  Viviparous  Aphides-t — Jj,  Will, 
after  noticing  the  results  of  earlier  observers,  comes  to  his  own 
observations  on  the  development  of  the  ova ;  to  examine  the  ovaries  a 
fresh  individual  was  opened  on  the  slide  in  a  weak  salt  solution,  or  in 
iodized  serum;  acetic  acid  was  occasionally  added,  but  this  is  a 
reagent  which  must  be  used  with  caution.  Water  at  about  70^  0. 
was  found  the  best  killing  agent.  Sections  were  largely  made,  and 
these  were  coloured  with  borax-carmine  and  haematoxylin. 

The  common  oviduct  opens  on  the  ventral  surface  and  in  the 
median  line,  a  little  in  front  of  the  anus ;  as  is  well  known,  the 
■eminal  vesicle  and  cement-glands  which  are  present  in  the  oviparous 
sre  wanting  in  the  viviparous  forms.  Connected  with  the  oviduct 
by  special  canals  are  a  number  of  ovarian  tubes,  the  walls  of  which 

*  JenaiBoh.  Zeitschr.  f.  Med.  u.  NatorwlBS.,  zvi.  (1883)  pp.  529-52  (2  pla). 
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terminate  in  a  filamentouB  process,  wliicli  enters  into  connection  with 
the  similar  filaments  of  the  neighbouring  tabes. 

The  tubes  are  camerated  internally,  and  this  cameration  is  obvioos 
from  without  owing  to  the  contraction  of  the  outer  walls ;  the  wall  of 
the  tubes  is  formed  by  a  distinct  unilaminate  epithelial  layer ;  like 
Brass,  the  author  was  unable  to  detect  any  tunica  propria ;  in  the  region 
of  the  oviduct  the  epithelial  is  invested  by  a  muscular  layer.  At  the 
other  end,  the  terminal  chamber  of  a  mature  ovary  consists  of  two 
dosely  connected  parts ;  in  the  inner  one  there  is  a  homogeneous 
mass  of  protoplasm  and  then  a  number  of  cellular  elements  which 
fill  up  the  space  between  the  central  protoplasm  and  the  investing 
epithelium ;  both  in  position  and  structure  these  cells  present  the 
same  appearance  and  relations  as  the  yolk-forming  or  nutrient  cells 
of  oviparous  Aphides ;  the  central  protoplasmic  mass  which  they 
Burrotmd  may  be  spoken  of  as  the  rachis.  Like  the  young  egg,  these 
cells  are  without  a  membrane. 

In  the  lower  portions  of  the  ovarian  duct  the  flattened  are 
replaced  by  cylindrical  epithelial  cells,  and  here  large  cells,  which  are 
young  ova,  are  to  be  detected ;  the  resemblances  between  these  and 
the  ova  of  oviparous  forms  is  insisted  on ;  we  may  indeed  sum  up  the 
matter  in  saying  the  egg  is  attached  to  the  central  rachis  by  a  stalk. 
The  characters  of  the  ova  in  succeeding  chambers  are  pointed  out,  and 
attention  is  given  to  the  fiict  that  every  two  chambers  are  separated  by 
a  layer  of  ceUs  formed  by  a  thickening  of  the  epithelium,  and  that 
there  is  in  the  centre  only  space  sufficient  for  the  passage  of  the 
connecting  cord. 

The  function  of  the  ovarian  stalk  is  discussed,  and  the  result  is 
come  to  that  the  ova  grow  by  their  own  power  of  assimilation  as  well 
as  in  consequence  of  the  assimilatiye  power  of  the  stalked  rudiments ; 
it  seems  to  be  clear  that  there  is  a  streaming  of  the  protoplasm  which 
passes  firom  the  young  ova  through  their  stalk  into  the  rachis  and 
then  through  the  cord  of  connection  to  the  egg ;  it  follows  from  this 
that  the  stalked  cells  of  the  terminal  chamber  must  be  regarded  as 
rudimentary  ova ;  they  are  not  as  Ludwig  thought,  nutrient  cells,  but 
true  "  Eianlage." 

The  author  next  passes  to  an  account  of  the  formation  of  the 
blastoderm,  and  he  finds  that  in  the  viviparous  Aphides  the  germinal 
yeside  does  not  disappear,  but  is  directly  converted  into  the  first 
deavage-nucleus.  The  first  two  spheres  are  only  incompletely 
separated  from  one  another;  after  this,  fissive  processes  take  place 
with  great  rapidity,  and  there  appear  to  be  no  stages  of  repose. 
While  the  earlier  divisions  are  being  e£Eected  the  egg  increases 
greatly  in  size,  and  gradually  becomes  idtered  in  form,  exchanging  its 
spherical  for  an  elongated  appearance. 

The  views  and  accounts  of  Brandt,  Leuokart,  and  Brass  are 
carefully  reviewed. 

Chlorophyll  in  Aphides.* — L.  Macchiati  having  noticed  that 
certain  Aphides  when  placed  in  a  dark  situation  lost  their  colour  in 

•  BoU.  Boo.  EntomoL  Ital.,  1883,  pp.  163*4. 
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the  same  way  that  leaves  do,  inyestigated  two  species,  Siphonophora 
nudvcB  and  8.  rosce^  with  a  view  of  ascertaining  whether  they  contained 
chlorophyll ;  he  discoyered  by  applying  the  nsnal  tests  that  chloro- 
phyll was  undoubtedly  present;  the  objection  that  this  substance  is 
absorbed  from  plants  by  the  insects  and  not  elaborated  in  their  own 
bodies,  is  met  by  the  statement  that  it  is  also  to  be  found  in  those 
species  that  live  upon  the  coloured  petals  of  flowers.  The  con- 
clusion arrived  at  needs  to  be  confirmed  "  by  a  more  matured  study," 
and  M.  Maoohiati  promises  a  fbller  investigation  of  this  interesting 
discovery. 

y,  Arachnlda. 

Testis  of  Limulus.* — W.  B.  S.  Benham  describes  the  testis  of 
Limulus.  The  organ  consists  of  two  lateral  and  a  median  network 
formed  by  ramifications  and  anastomoses  of  the  vasa  deferentia ;  on 
the  walls  of  these  ducts  are  situated  the  sperm-sacs,  sometimes  singly 
but  more  usually  in  groups ;  in  the  latter  case  the  sacs  communicate 
with  each  other  and  only  one  opens  directly  into  the  duct ;  the  sacs 
contain  groups  of  spermatozoa  without  tails,  the  latter  being  apparently 
developed  within  the  ducts  themselves;  occasionally  the  sperm-sacs 
were  situated  at  some  distance  from  the  ducts  and  no  ductule  could 
be  traced  firom  them ;  it  is  possible  therefore  that  they  are  not  formed 
as  diverticula  of  the  spermatic  duct,  but  originate  independently,  and 
only  acquire  a  secondary  connection  with  it.  The  chief  point  that  is 
dwelt  upon  in  the  paper  is  the  branching  and  anastomoses  of  the 
spermatic  duct ;  this  fact  lends  strong  support  to  Lankester's  views 
concerning  the  close  relationship  between  the  Arachnida  and  Limulua  ; 
for  in  no  crustacean  is  there  any  such  network  formed  by  the 
spermatic  duct,  whereas  it  is  a  constant  character  of  the  Arachnida. 

Polymorphism  of  Sarooptid8e.t— E.  L.  Trouessart  and  P.  M^gnin 
have  a  note  on  the  sexual  and  larval  polymorphism  of  the  plumi- 
ooloufl  Sarcoptidfld.  The  species  belong  to  the  subfeunily  Analgennce 
which  is  divisible  into  the  three  groups  of  PterolychecR^  Analgesece,  and 
ProctophyllodecB  ;  in  the  two  former  the  fecundated  females,  after  their 
last  ecdysis,  have  the  abdomen  entire  and  not  lobed,  but  in  the  third 
the  adidt  females  have,  at  the  end  of  the  abdomen,  two  conical 
chitinouB  prolongations ;  a  study  of  exotic  forms  diiows  that  in 
nymphs  and  larvsB  the  abdomen  is  bifid.  In  one  preparation,  the 
male,  even  after  the  development  of  its  generative  organs,  was  seen 
inclosed  in  the  transparent  integument  of  the  nymph  with  a  forked 
abdomen ;  this,  according  to  ordinarily  received  ideas,  would  lead  us 
to  think  that  the  nude  emerged  from  the  skin  of  a  female. 

The  form,  therefore,  with  a  forked  abdomen,  is  not  sexual  but 
larval,  and  we  have  here  only  another  example  of  the  law  that  female 
SaicoptidflB  retain  more  or  less  the  form  of  the  nymph,  while  the  males 
tiJce  on  a  different  appearance. 

A  still  more  remarkable  polymorphism  was  observed  in  the  males 

•  TranB.  Linn.  Boc— Zoo!.,  ii.  (1883)  pp.  863-6. 
t  Oomptes  RenduB,  zcvii.  (1883)  pp.  1319-21. 
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of  a  Pteroljchid  which  may  he  distLngtiished  as  Bdelhrhynchus  pdy- 
morphu8,  which  lives  on  such  Anatidfe  as  ErwmaiurOf  Querqueduia^ 
and  Spatula:  while  some  of  the  males  have  the  normal  rostrum, 
others  have  the  hooklets  of  their  mandihles  disproportionately  elon- 
gated ;  in  form  these  mandibles  vary  greatly ;  and  indeed  it  is  only 
the  hinder  part  of  the  body  which  is  normal  and  identical  in  these 
two  sots.  The  genital  organs  are  similar,  but  the  copulatory  cupoles 
seem  to  be  a  little  better  developed  in  the  normal  males.  Figures  of 
the  forms  here  noticed  will  be  published. 

8.  Crustacea. 

Spermatogenesis  of  Fodophthalmate  Cmstacea.*— G.  Hermann 
finds  that  the  testicular  cells  of  podophthalmate  Crustacea  give  rise 
to  spermatoblasts,  each  of  which  becomes  a  spermatozoon.  As  in  the 
Yertebrata,  the  formation  of  these  commences  by  the  appearance  of 
a  ^'  cephalic  nodule  *'  in  the  spermatoblast,  which  becomes  converted 
into  a  transparent  vesicle,  which  gradually  grows  sphericaL  At  the 
anterior  pole  of  this  vesicle  there  soon  appears  a  kind  of  outgrowth 
of  the  win  which  projects  into  the  cavity ;  a  short  time  afterwards  a 
delicate  rod  appears  at  the  opposite  pole.  These  two  outgrowths 
elongate,  and,  uniting,  form  a  *'  central  column  "  which  extends  from 
one  to  the  other  pole  of  the  "  cephalic  vesicle."  In  the  brachyurous 
Decapoda  the  vesicle  generally  becomes  bell-shaped,  the  nuclear  sub- 
stance forms  a  kind  of  hemispherical  cap,  from  the  edges  of  which 
are  emitted  a  number  of  filiform  prolongations,  varying  in  number 
and  size.  In  this  way  the  so-called  radiate  cell  is  produced.  The 
body  of  the  spermatoblastic  cell  seems  to  disappear  very  early. 

In  most  of  the  Macroura  the  cephalic  vesicle  elongates,  and  a 
collar  of  opaque  homogeneous  substance  is  developed ;  this  is  at  first 
circular,  but  soon  becomes  triangular,  while  the  three  angles  are 
drawn  out  into  filiform  rigid  prolongations.  The  fundamental  pheno- 
mena appear  to  be  constant,  but  ^e  definitive  form  of  the  cephalio 
vesicle  varies  in  various  species.  Attacua  fluviatilis  resembles  the 
Brachyura  by  the  possession  of  a  number  of  prolongations. 

It  is  to  be  noted  that,  in  consequence  of  a  kind  of  gradual  con- 
densation of  their  substance,  the  adult  spermatozoa  are  smaller  in  size 
and  often  also  simpler  in  structure  than  the  transitory  forms  which 
appear  in  the  course  of  their  development. 

It  is  possible  that  the  great  differences  in  the  details  of  the 
structure  of  spermatozoa  may  throw  some  light  on  the  zoological 
affinities  of  their  possessors. 

American  l80poda.t — O.  Harger  has  a  report  on  the  Isopoda 
collected  by  the  ^  Blake ' ;  though  the  number  of  species  is  small  the 
collection  was  interesting  for  the  large  proportion  of  forms  either 
new  or  not  hitherto  known  from  the  American  coast,  while  others 
have  been  only  imperfectly  described.  Cirolana  impresaa  and  Bodnda 
oadata  are  the  two  new  species. 

*  Comptes  Rendufl,  zovii  (1883)  pp.  958-61. 

t  Bull.  Mu8.  Ck>mp.  Zool.  Camb.,  xi.  (1883)  pp.  91-104  (4  plB.>. 
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Hew  Hoft  for  Cirolana  oonchanun  Harger.  * —  S.  Lockwood 
umonnoes  the  discoYery  of  this  isopod  in  the  interior  of  the  edible 
crab,  CalUneeieB  hatiatm  Ordway.  The  crab  was  an  adult  female, 
and  the  parasites  were  crowded  in  the  left  side  of  the  carapace. 
Incredible  to  say,  there  were  twenty-three  fdll-grown  specimens, 
measuring  8/4  in.  by  about  1/4  in.  each.  The  oyaries  and  the 
tissues  on  the  left  side  were  completely  honeycombed.  How  long 
the  animal  could  have  lived,  and  what  its  real  sufferance  of  pain  was, 
are  questions.  But  with  these  predaceous  wolves,  literally  consuming 
its  inner  parts,  it  surely  would  soon  succumb.  It  seemed  to  Mr.  Lock- 
wood  that  they  must,  when  in  the  swimming  larval  state,  have  entered 
near  the  eye-stalks  of  the  crab,  which,  witii  a  large  catch  of  others, 
was  taken  at  the  close  of  February  in  Baritan  Bay,  N  JT.  From  the  size 
of  the  parasites,  it  would  seem  that  they  had  been  in  possession  some 
three  months.  The  determination  of  tiie  isopods  was  due  to  Mr.  O. 
Harger.  The  query  how  so  large  a  number  could  have  entered  the 
same  place,  and  at  the  same  time,  he  thought  was  met  by  the  sup- 
position that  the  crab  had  found  a  nest  of  the  larvsB,  and  was  feeding 
on  them,  when  a  part  of  the  batch  entered  the  host,  as  conjectured 
above. 

Gopepoda  Entoparasitio  on  Compound  A8oidian8.t — Prof.  A. 
Delia  valle  finds  three  Copepoda  in  tke  compound  ascidians  of  the 
Bay  of  Naples.  The  most  abundant  species  are  Doroyxsis  uncincUa 
and  Enlerocola  fulgens ;  the  first-named  is  found  in  the  branchial  sac, 
the  second  only  in  the  stomach.  For  the  third  form  is  established  a 
new  genus,  Kosamedhrus^  distinguished  by  the  form  of  the  mouth- 
organs  and  by  the  dorsal  position  of  the  third  pair  of  legs ;  the  two 
legs  of  the  fourth  pair  show  a  marked  asymmetry ;  it  occurs  in  the 
branchial  sacs  of  the  ascidians.  Delia  Yalle  considers  that  ErUerocola 
sad  the  new  genus  should  form  types  of  two  new  families. 

Anatomy  and  Physiology  of  Sacoulina.^ — T.  Delage  states 
that  SaecuUna  is  composed  of  two  parts,  one  external  and  the  other 
internal;  the  latter  is  made  up  of  tubes  and  of  a  basilar  mem- 
brane. This  membrane  forms  a  kind  of  flattened  sac  invested  by 
a  delicate  chitinous  layer,  which  is  continued  on  to  the  tubes.  Its 
walls  are  formed  by  a  layer  of  large  cells,  which,  in  their  deeper 
parts,  separate  into  ramified  filiform  prolongations.  The  whole  cavity 
of  the  sao  is  occupied  by  cavernous  tissue,  which  is  formed  of  cells 
converted  into  fibres ;  these  ramify  and  anastomose  abundantly. 

The  part  which  is  external  to  the  crab-host  is  enveloped  in  a  sac 
which  has  been  improperly  called  a  mantle,  and  which  serves  to 
bound  the  incubatory  pouch,  and  to  protect  the  visceral  mass.  In 
its  walls  there  is  a  close  plexus  of  striated  muscular  and  a  layer  of 
connective  fibres ;  at  the  point  of  insertion  of  each  of  these  latter  there 
is  a  large  nucleus — ^the  nucleus  of  the  cell  which  formed  the  fibre. 

*  New  Jersey  St  Mior.  Soc.,  meeting  March  19, 1883.  Ct  Soienoe,  ii.  (1883) 
p.  664. 

t  Atti  B.  Aooad.  Lmoei,  TnmB.,  vii.  (1883)  p.  180. 
t  Comptee  Bendut,  xcvii.  (1888)  pp.  961-4. 
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From  the  extremity  of  its  snckiDg  tubes  as  far  as  the  superficial 
bomidary  of  the  body  the  Scuxulina  is  traversed  by  a  system  of  lacuniB 
in  which  there  circulate  the  liquids  taken  in  by  the  tubes  and  which 
forms  a  rudimentary  digestive  and  incubatory  apparatus. 

Some  of  the  spaces  between  the  muscles  of  the  visceral  mass  are 
occupied  by  sinuous  tubes  which  are  filled  with  ova,  and  are  invested 
by  the  general  endothelial  layer.  The  ovaries  open  into  the  incubatory 
pouch,  not  far  from  the  cloaca.  There  are  two  testicles^  one  on  each 
side  of  the  middle  line,  which  open  into  the  bottom  of  the  pouch. 

The  nervous  system  is  formed  by  a  single  ganglion  which  is 
situated  in  the  visceral  mass,  near  the  cloacal  end ;  this  end,  therefore, 
is  the  cephalic  or  upper  one,  and  not  the  lower,  as  has  been  ordinarily 
supposed.  This  ganglion  has  the  form  of  a  four-rayed  star,  whence 
four  chief  nerves  are  given  off;  the  two  upper  ramify  in  the  muscular 
layer,  giving  off  an  important  branch  to  the  cloacal  sphincter.  The 
two  lower  pass  to  the  visceral  mass,  some  dividing  into  two  branches, 
one  of  which  innervates  the  muscular  layer  of  the  envelope,  and  the 
other  the  transverse  muscular  layers. 

Two  or  three  days  after  a  Sacculina  has  set  free  its  Naupliua  it 
gives  off  some  more  ova;  the  chitinous  layer  which  clothes  the  in- 
cubatory pouch  undergoes  ecdysis  and  passes  out  by  the  cloacal  orifice. 
A  new  layer  is  formed,  a  number  of  ramified  chitinous  tubes  escape 
from  the  oviduct,  to  the  base  of  which  they  remain  attached.  The  ova 
are  now  driven  into  and  fill  these  tubes,  which  later  on  become 
detached  and  remain  in  the  incubatory  pouch  till  the  ova  are  matured. 
The  eggs  are  fertilized  in  the  ovary. 

In  a  second  note  on  Sacculina,*  M.  Delage  has  some  observations  on 
an  internal  stage  in  its  development ;  he  finds  that  an  early  period  is 
passed  by  the  parasite  within  and  not  without  the  body  of  tiie  crab ; 
it  is  there  found  in  a  completely  developed  state,  having  its  generative 
organs  and  its  nervous  system  completely  developed ;  and  it  is  only 
when  it  grows  larger  that  it  changes  its  position.  At  the  moment 
when  it  does  so  the  orifice  of  its  cloaca  is  closed  and  completely  sur- 
mounted by  a  delicate  chitinous  membrane ;  a  little  later  this  breaks, 
and  young  Cyprids  make  their  way  to  the  periphery  of  the  cloaca, 
where  they  become  attached.  All  young  Sacculinao  have  Cyprids  fixed 
to  their  cloaca,  and  these,  therefore,  as  Fritz  Mliller  supposed,  play  the 
part  of  complemental  males. 

In  a  third  notef  M.  Delage  considers  the  development  of  the 
Ctfpris;  he  finds  that  the  young  leave  the  incubatory  pouch  of  the 
Sacculina  under  the  Nauplitu  form.  During  the  five  ecdyses  that  take 
place  in  the  next  four  days  the  two  pairs  of  biramose  appendages  are 
lost,  and  the  Cypria  with  its  six  pairs  of  limbs,  its  fixing  organ, 
antennsB,  and  internal  spherical  mass  of  small  cells,  becomes  developed. 
For  three  days  or  more  the  Cypria  swims  about  freely ;  it  then,  either 
during  the  night  or  at  some  dark  spot,  attaches  itself  to  young  and 
very  small  crabs;  this  fixation  is  always  effected  by  one  of  its 
antennsB,  is  always  on  a  hair  of  the  body,  and  is  never  on  the  ventral 


♦  Tom.  oit.,  pp.  1012-4. 
t  Tom.  cit.,  pp.  1145-8. 
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surface  of  Hie  crab.  After  it  hae  become  fixed  it  nndergoes  a  mar- 
T^OHS  metamorphoBis^  becoming  an  elongated  sac,  in  which  little  of 
the  Cypris  is  left  save  the  outer  integument  and  the  spherical  mass  of 
cells.  A  dart-shaped  body  is  now  developed  at  the  anteunary  pole, 
which  is  driven  into  the  tissues  of  the  crab ;  to  this  dart  the  cellular 
mass  is  appended,  uid  it,  therefore,  makes  its  ¥ray  into  the  body  of 
the  host. 

The  audior  believes  he  has  shown  that  all  that  forms  the  adult 
Saeculina  arises  from  the  nucleus  of  the  internal  Sacculinay  and  that 
the  basal  membrane  with  its  tubes  arises  from  the  sac  which  con- 
tained it.  The  wall  of  this  sac  represents  the  integument  of  the 
Nauplius  or  CypriSy  and  the  nucleus  the  cellular  mass  contained  in  its 
body.  We  find,  then,  that  the  portion  of  the  parasite  interior  to  the 
crab  represents  the  skin  of  the  larva,  the  external  portion  a  genital 
nucleus,  which  pierces  its  own  investment  and  the  integument  of  its 
host 

It  is  proposed  to  use  in  place  of  the  term  Bhizocepkala  that  of 
Cenirogonida^  in  reference  to  the  dart-like  organ  of  reproduction,  and 
to  form  of  them  an  order  distinct  from  the  Cirripedia. 

On  this  communication  Professor  Lacaze-Duthiers  made  some 
remarks:*  he  insisted  on  the  observations  as  demonstrating  the 
advantage  and  necessity  of  experiment  in  zoology.  As  to  the  in- 
fectivity  of  young  as  compared  with  older  crabs,  he  reminds  us  of  the 
differences  between  young  and  old  human  beings  in  their  receptivity 
of  the  poison  of  typhoid  fever.  The  idea  that  the  Saeculina 
fixes  itscdf  to  the  interior  of  the  crab  must  be  given  up,  and  the 
animal  not  regarded  as  an  ectoparasite,  like  a  tick  for  example,  but  as 
first  entoparasitic  and  then  forming  a  true  hernia,  developed  within  and 
only  passing  outside  the  body  to  allow  of  the  growth  of  some  of  its 
organs. 

He  concludes  as  follows :  '*  If,  in  the  eyes  of  some  naturalists, 
zoology  is  a  purely  descriptive  science,  it  ought  in  many  cases  to  be 
experimental,  so  as  to  avoid  the  errors  which  are  inseparable  from  a 
study  made  at  a  limited  point  of  time  in  the  existence  of  organisms. 
Our  knowledge  of  development,  which  has  been  revealed  to  us  by 
experiment,  will  alone  allow  us  to  have  an  exact  appreciation  of 
relations  which  are  obscure  and  difficult  of  detection.  It  is  for  such 
an  object  that  we  must  distinguish  between  a  zoology  which  is  purely 
descriptive  and  one  which  is  experimental." 

Vermes. 

Clastifioation  of  the  Phyllodoceid8B.t— O.  Pruvot  has  especially 
devoted  his  attention  to  the  nervous  system  of  these  annelids,  and 
commences  his  note  with  an  account  of  the  arrangement  found  in 
Fhyllodoce  laminasa.  One  of  the  results  of  the  investigation  is  the 
demonstration  that  the  segment  which  carries  the  last  tentacular  cirrus 
does  not  differ  essentiaUy  from  the  normal  sotigerous  segments. 

*  Compiee  Rendus,  xcvii.  (1883)  pp.  1148-51. 
t  Ibid  ,  pp.  1224-6. 
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AlthoQgh  anthora  do  not  agree  in  their  views  as  to  the  anterior 
appendages  of  the  body,  it  is  always  possible  to  distinguish  dorsal 
from  ventral  tentacular  cirri :  the  latter  cannot  be  taken  note  of  in 
the  formation  of  generic  divisions,  inasmuch  as  they  insensibly  change 
in  form  from  below  upwards ;  on  the  other  hand  the  anterior  dorsal 
cirri  are  subulate,  and  differ  sharply  in  form  from  those  which  succeed 
them. 

The  PhyllodoceidsB,  then,  are  best  divided  into  two  groups,  one  with 
five,  the  other  with  four  antennsd;  in  each  group  there  are  forms  in  which 
the  first  three  dorsal  cirri  are  subulate,  and  others  in  which  two  only 
have  that  form.  In  the  second  division  is  ranked  a  new  genus  Nothi$^ 
in  which  the  third  segment  is  remarkable  for  having  no  dorsiJ  cirrus. 

Anatomy  of  Polynoina.* — A.  G.  Bourne  has  recently  studied 
the  anatomy  of  Polynoe  cava  Mont.,  and  has  succeeded  in  discovering 
the  nephridia.  liters  had  previously  described  in  a  P.  peUudda  a 
series  of  contractile  sacs  opening  externally  by  several  ciliated  mouths, 
both  upon  the  dorsal  and  ventral  side  of  the  parapodium,  which  he 
regarded  as  the  segmental  organs  ;  but  these  are,  according  to  Haswell, 
in  reality  intestinal  csBca ;  Uie  true  nephridia  open  upon  the  ventral 
papillie  which  are  developed  upon  all  the  segments  with  the  exception 
of  the  last  and  the  eight  anterior ;  these  ventral  papillaa  are  known 
by  the  descriptions  of  Huxley  and  Grube,  and  are  figured  by  many 
other  authors,  but  they  were  believed  to  have  some  connection  with  the 
generative  functions,  owing  to  the  fact  that  they  were  found  to  be 
filled  with  ova  or  spermatozoa  at  the  time  of  sexual  maturity ;  the 
generative  products,  however,  are  never  found  within  the  lumen  of  the 
nephridium,  but  only  in  the  section  of  the  body-cavity  inclosed  in  the 
papilla ;  they  probably  make  their  ¥ray  to  the  exterior  by  a  rupturing 
here  and  there  of  the  body-wall.  The  nephridia  are  short  straight  tubes, 
never  convoluted  though  the  wall  may  be  variously  folded  and  plaited  ; 
they  open  internally  by  a  ciliated  rosette ;  the  lumen  is  enlarged  into 
a  vesicle  at  the  base  of  the  papilla ;  there  are  no  muscles  developed  in 
the  walls.  Several  other  anatomi(»Al  details  are  given  in  the  memoir ; 
the  elytra  are  shown  to  be  connected  with  the  '*  dorsal  sur&ce  of  the 
somite  proper,"  and  not  with  the  parapodium ;  in  P.  areolata^  as  in 
Sigalionf  rudiments  of  notopodial  cirri  may  co-exist  with  the  elytra, 
thus  disproving  any  homology.  No  blood  enters  the  elytra,  but  they 
contain  a  nervous  network  ending  in  small  papill®,  which  are  no  doubt 
tactile. 

Spadella  Harioni.t — ^P.  Gk)urret  has  a  further  note  t  on  this  new 
GhsBtognath,  in  which  he  gives  some  account  of  its  body-cavity  and 
generative  apparatus.  0^  each  side  of  the  pharynx  there  is  a 
glandular  organ  which  opens  by  a  short  canal  to  the  exterior ;  its 
swollen  ventral  portion  is  lined  by  cylindrical  or  conical  cells,  the 
contents  of  which  are  sometimes  found  to  be  small  polygonal  bodies ; 
anatomically,  it  is  perhaps  analogous  to  the  segmental  organs  found 

♦  Trans.  Linn.  Soc.— Zool.,  ii.  (1883)  pp.  847-56  (3  pis.), 
t  Gomptes  Bendus,  xcvii.  (1883)  pp.  1017-9. 
X  Cf.  this  Journal,  iii.  (1883)  p.  843. 
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by  ClapaiMe  in  the  anterior  Bomites  of  tubicolons  annelids.  The 
Tarious  orifices  of  communication  between  the  oviduct  and  the  female 
gland,  which  Grassi  hae  described  in  other  ChaBtognaths,  do  not 
appear  to  be  present  in  this  form.  The  products  also  escape  to  the 
exterior  by  a  ventral,  and  not  by  lateral  orifices. 

The  nude  gland  has  the  nucleus  of  its  epithelial  cells  very  distinct ; 
outside  the  epithelial  there  is  a  structureless  layer,  and  beyond  this 
are  longitudinal  muscular  fibres.  Some  of  the  epithelial  cells  of  the 
efferent  duct  are  cylindrical,  small,  and  nucleated,  while  others,  which 
haye  no  nucleus  and  are  larger  and  more  highly  refractive,  appear  to 
be  glandular  in  function. 

Vew  Perms  of  Thalassema.* — K.  Lamport  describes  as  new 
TTuilaMema  formulomm,  caudexy  9orhillan8j  and  vegrande.  He  separates 
the  species  of  the  genus  into  two  groups,  according  as  the  longitudinal 
layer  of  muscles  is  or  is  not  separated  into  bundles.  The  next  point  of 
distinction  is  to  be  found  in  the  number  of  the  segmental  organs,  which, 
as  is  well  known,  is  not  constant  in  this  genus,  some  species  in  each 
division  having  two,  and  some  three  pairs ;  this,  however,  is  not  an 
invariable  character  as  in  some  examples  only  one  pair  are  developed  ; 
nor  can  the  distinction  be  of  much  aid  to  the  systematic  zoologist,  in- 
asmuch as  the  condition  of  the  organs  varies  much  with  the  maturity 
of  the  genital  products,  for  which  these  glands  act  as  efferent  ducts. 

Spermatogenesis  in  the  9emertinea.t — A.  Sabatier  believes  that 
the  difficulties  in  the  way  of  observation  of  the  various  stages  in 
spermatogenesis  are  the  cause  of  the  different  accounts  given  by 
various  observers,  equally  well  skilled.  Many  of  these  difficulties  are 
avoided  by  the  study  of  the  small  Tetrastemma  flavida,  which  under 
the  compreesorium  becomes  bo  transparent  that  it  is  possible  to  stady 
what  is  going  on  in  its  tissues  and  organs,  even  with  the  aid  of  high 
powers ;  no  previous  preparation,  nor  any  reagents  are  necessary  for 
the  examination  of  its  germinal  sacs  or  pouches,  which,  moreover,  are 
well  adapted  for  the  purpose,  inasmuch  as  they  are  not  all  at  the  same 
stage  in  developments 

The  spermatic  sacs  of  a  young  Tetrastemma  have  a  pyriform  shape, 
and  later  on  become  oval,  owing  to  the  pressure  exerted  on  them  by 
the  adjoining  organs  ;  they  are  placed  between  the  internal  muscular 
layer  and  the  caBcal  diverticula  of  the  intestine,  and  are  formed  by  a 
special  membrane  which  is  attached  by  short  tubes  to  the  body-*wall ; 
and  these  open  to  the  exterior  by  lateral  pores.  These  sacs  may  be 
seen  to  be  filled  with  a  finely  striated  substance,  made  up  of  bandies 
set  along  various  axes  ;  these  bundles  vary  greatly  in  size  ;  they  are 
fusiform  in  shape  ;  the  median  portion  forms  a  zone  of  varying  width 
and  has  its  contents  more  or  less  granular,  while  the  two  terminal 
cones  are  distinctly  striated.  If  we  compress  the  animal  and  force 
the  contents  out  of  the  sac  there  escape  bundles  which  are  either  com- 
pact, or,  when  more  mature,  are  broken  up  into  an  innumerable  quan* 
tityof  spermatozoa.  The  head  of  the  spermatozoon  is  cylindrical  and 

♦  ZeitBchr.  f.  Wias.  Zool.,  xxxix.  (1883)  pp.  334-42. 
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highly  refraotire,  the  tail  rery  fine  and  very  delicate.      This  is  what 
is  seen  in  a  matore  sperm-sac. 

In  an  immatore  one  we  find  a  very  different  arrangement :  a  young 
sac  is  small,  and  has  finely  grannlar  coloorless  contents ;  the  proto- 
plasm is  homogeneous.  In  other  small  sacs  we  may  find  at  the  centre 
of  the  protoplasm  a  transparent  sphere,  which  clearly  represents  a 
nncleos.  In  fact,  at  this  stage  the  contents  of  a  male  sac  look  exactly 
like  those  of  the  female.  The  surface  of  the  protoplasm  next  becomes 
covered  with  bosses  formed  by  grooTes ;  soon  several  separate  proto- 
plasmic spheres  become  apparent,  while  the  central  mass  is,  of  course, 
diminish^  in  size ;  the  spheres  vary  greatly  in  size ;  during  this  pro- 
cess of  segmentation  the  nucleus  remains  intact  In  other  cases  the 
protoplasm  of  the  cell  is  seen  to  be  broken  up  by  the  formation 
within  it  of  clefts  and  spaces ;  but,  as  in  the  other,  the  result  is  the 
disintegration  of  the  primitive  mass,  the  superficial  becoming  distinct 
from  the  central  portion.  Tet  in  other  cases,  and  especially  in  the 
autumn,  cells  in  which  no  nucleus  was  apparent  were  observed  to 
develope  a  stellate  space  within  themselves ;  here  no  central  proto- 
plasmic mass  was  left.  The  nucleus,  then,  does  not  appear  to  be 
essential  to  spermatogenesis,  and  it  is  the  peripheral  and  not  the 
central  portion  of  the  cell  that  becomes  converted  into  spermatozoa. 

If  we  now  fix  our  attention  on  the  peripheral  bodies,  we  find  that 
in  each  there  arise  endogenously  a  number  of  large-sized  granules, 
while  at  the  same  time  the  protoplasm  of  the  spherule  elongates,  be- 
comes fusiform  and  transversely  striated.  The  filaments  which  corre- 
spond to  the  strisB  become  more  and  more  independent,  the  intermediate 
zone  atrophies,  and  the  filaments  take  on  the  definite  form  of  the 
spermatozoa. 

To  sum  up :  The  seminal  sac  of  the  Nemertinea  forms  apermaiosporeSy 
or  male  ovules,  composed  of  a  mass  of  finely  granular  protoplasm,  in 
which  a  nucleus  may  or  may  not  be  developed.  The  central  portion 
tends  to  atrophy,  while  the  peripheral  takes  on  the  form  of  plates  or 
spheres  which  become  attached  to  the  inner  wall  of  the  sac.  The 
central  portion  is  the  protohlastophor,  the  peripheral  spherules  the 
proio8permohla8t8.  From  each  of  these  we  get  deutoblastophorsy  and 
deutospermohlasta  which  become  spermatozoa. 

Development  of  Trematoda.*— H.  Schauinsland,  after  an  elaborate 
account  of  the  views  of  his  predecessors  in  this  field  of  inquiry,  gives  the 
results  of  his  own  observations  on  eight  species  of  Distomum^  and  on 
Aspidogaster  conchicola.  His  general  results  may  be  thus  summed 
up  :  The  Trematode  ovum  is  made  up  of  the  true  egg-cell  and  of  the 
yolk,  which  at  first  arises,  more  or  less,  from  large,  rounded,  nucleated 
cells;  the  egg-shell  is  formed  by  a  highly  coloured  chitinous  mem- 
brane, in  which  a  long  and  a  transverse  axis  can  be  generally  detected ; 
at  one  end  there  is  nearly  always  an  operculum,  and  that  end  is  also 
that  of  the  head.  Cleavage  is  complete  though  irregular,  being  of 
course  more  or  less  dependent  on  the  amount  of  yolk  ;  the  result  is  a 
solid  mass  of  cells,  which  in  time  absorbs  the  whole  of  the  yolk ; 

*  Jenaisch.  Zeitflohr.  f.  Med.  u.  Naturwiss.,  xvi.  (1883)  pp.  464-527  (3  pis.). 
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before  this  is  effected  one  cell  at  the  upper  pole  becomes  constricted 
oS,  and  gives  rise  to  the  ^  calotte-shaped  "  cells.  In  all  the  species 
examined  there  was  found  an  investing  membrane ;  at  the  periphery 
of  the  homogeneous  cell-aggregate  there  is  differentiated  a  layer  of 
flattened  cells,  from  which  in  D.  iereticoUe  arises  a  structureless 
cuticle  with  eight  plates  beset  with  chitinous  sette ;  in  all  the  other 
fonns  examined  there  is  a  ciliated  membrane,  in  which  it  is  not 
possible  to  demonstrate  the  presence  of  separate  cells.  The  solid 
endoblast  lying  within  the  flattened  ectoblastic  cells  is  at  first  made 
up  of  similar  cells,  but  in  the  course  of  development  some  of  them 
become  flattened  out  and  form  a  kind  of  epithelial  lining  to  the  ecto- 
blast ;  others,  at  the  cephalic  end,  become  fashioned  into  an  enteron, 
the  lumen  of  which  is  formed  by  the  gradual  degeneration  of  the 
inclosed  cells.  The  great  mass  of  the  endoblast  remains,  however, 
unaltered,  and  gives  rise  to  germinal  cells. 

Some  young  forms  are  provided  with  vessels  in  which  ciliated 
infondibula  are  to  be  made  out  at  certain  points;  in  Distomum  cygnoides 
and  D.  tereiicoUe  these  appear  to  be  connected  with  the  enteron. 

The  investing  membrane  is  regarded  by  the  author  as  a  formation 
of  the  ectoblast  which  is  developed  in  two  successive  layers:  first 
there  appear  cells  which  may  be  called  ectoblasts  of  the  first  order ; 
these  are  replaced  by  the  ectoblastic  cells  of  the  second  order — ^the 
permanent  embryonic  ectoderm.  It  may  be  as  well  to  remind  the 
reader  that  Van  Beneden  has  noted  the  same  phenomenon  in  the 
Tnniadas. 

Further  investigations  are  required  to  answer  the  question  as  to 
whether  the  muscles  are  truly  of  epithelial  origin,  or  whether  they 
have  a  mesenchymatous  character ;  and  the  first  point  to  be  settled  is 
the  relation  of  the  young  stages  of  Trematodes  to  the  Enterocoelia. 

The  author  does  not  share  the  opinion  of  Leuckart  as  to  the 
mesodermal  character  of  the  germinal  cells;  it  is  perhaps  best  to 
regard  them  as  cleavage-elements  which  have  not  been  used  up,  and 
wkLch,  being  such,  do  not  require  any  further  fertilization.  The 
germinal  cells  found  in  the  first  set  of  BSdice  may  similarly  be 
looked  upon  as  cleavage  elements  which  have  remained  over  from 
the  first  generation. 

The  resemblances  between  the  developmental  histories  of  the 
Trematoda  and  of  Mcdaccbdella  are  perhaps  superficial.  There  is, 
again,  a  close  resemblance  between  the  Trematodes  and  the  Meso- 
zoa,  and  the  only  difference  between  the  embryos  of  Bhopolura  and 
of  Digtonmm  is  that  the  former  remains  at  a  lower  grade  of 
development.  The  existence  of  the  former  in  a  highly  nutrient 
fluid  makes  the  development  of  any  other  organs  than  those  of 
reproduction  altogether  superfluous :  the  organs  which  are  developed 
in  the  Trematoda  are  such  as  are  necessary  to  enable  it  to  find  a 
new  and  suitable  host.  The  DistomidsB  and  the  Orthonectidae  are 
therefore,  in  all  probability,  closely  allied,  though  the  direct  origin 
of  the  former  group  is  a  more  difficult  question. 

There  are  many  very  striking  and  important  resemblances  in 
the   developmental  history  of  the  Tieniadte  and  the  Trematoda : 
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both  are  formed  from  two  distinctly  separated  cell-layers;  in  the 
outer  there  appear  chitinons  hooks  or  setigerons  plates  or  a  large 
number  of  cilm.  The  chitinogenous  layer  and  the  inyesting  membrane 
are  formed  in  very  mach  the  same  way. 

Striking  as  the  resemblances  are,  it  is  not  impossible  that  it  is 
merely  accidental,  and  that  the  outer  cell-layer  of  the  Ttenioid 
embryo  is  not  comparable  to  the  ectoderm  of  the  young  Trematode, 
but  only  to  the  underlying  layer  of  epithelial  cells.  Further  inyesti- 
gations  on  taBniao  are  necessary  to  the  resolution  of  this  problem ; 
if  it  should  be  shown  that  they  do  lose  their  ectoderm  we  should 
have,  in  these  two  groups,  the  only  known  examples  of  the  complete 
loss  of  a  germinal  layer,  inasmuch  as  Eleineuberg's  obseryations 
on  a  similar  phenomenon  in  Hydra  appear  to  stand  in  want  of 
revision. 

Simondsia  paradoza-* — This  remarkable  parasite  ¥ras  briefly  de- 
scribed by  Dr.  Cobbold  in  his  *  Entozoa,'  from  some  specimens  dis- 
covered by  Professor  Simonds  in  the  stomach  of  a  Gorman  hog  that 
had  died  in  the  Zoological  Society's  Gardens.  The  drawings  and  speci- 
mens were  temporarily  lost,  but,  having  been  fortunately  recovered. 
Dr.  Cobbold  has  been  enabled  to  add  considerably  to  his  former 
description  of  the  parasite.  The  most  striking  feature  in  the 
organization  of  the  worm  is  a  large  rosette-shaped  organ  which 
represents  a  prolapsed  uterus  entirely  comparable  to  the  prolapsed 
uterus  of  SphcBrularia  howbi.  The  male,  which  is  slightly  smaller 
than  the  female,  presents  no  specially  interesting  points  of  struc- 
ture. In  the  female  all  the  ovarian  tubules  and  the  uterine  branches 
are  contained  within  the  rosette,  but  the  position  of  the  external 
opening  could  not  be  made  out  with  certainty,  though  it  is 
apparently  situated  at  the  base  of  the  rosette  in  the  ventral  line. 
Baich  female  is  inclosed  in  a  single  cyst,  the  head  alone  projecting ; 
the  interior  of  the  cyst  shows  a  perfect  cast  of  the  rosetto-shaped 
organ  ;  the  males  are  free. 

Monograph  of  the  HelicertidsB.t — ^L.  Joliet  finds  that  of  all 
rotifers  the  MelicertidsB  are  those  which  are  best  adapted  for  the 
investigation  of  the  processes  of  development,  inasmuch  as  after  the 
eggs  are  laid  they  are  protected  by  the  tube,  and  eggs  are  laid  every 
day,  and  development  is  completed  in  three  days. 

To  the  three  species,  M.  ringenSy  M,  pilula  Collins,  and  M.  tyro 
Hudson,  the  author  adds  a  fourth,  M,  pedunculcUa,  which  most 
nearly  resembles  the  first,  but  is  distinguished  from  it  by  being  not 
free  in  its  tube,  but  attached  to  it  by  a  seta  which  is  fixed  to  the 
end  of  its  tail;  the  new  species  would  seem  to  be  rare,  having  as 
yet  been  found  only  at  Nogent-la-Phaye,  near  Chartres.  The  pond 
in  which  it  was  found  was  for  several  years  preceding  the  last  two 
completely  dried  up ;  the  so-called  winter  eggs  are  not  formed  in  the 
winter  only,  but  throughout  the  season  of  activity. 

After  a  description  of  the  general  form,  Joliet  deals  with  the 

♦  Trans.  Linn.  Soc.— Zool.,  ii.  (1883)  pp.  357-61  (1  pi.)- 
t  Arch.  Zool  Ezp^r.  et  Gin.,  i.  (1883)  pp.  131-224  (3  pis.). 
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digestire  tract,  the  mastaz  of  which  is  incapable  of  such  protrofiion  as 
is  seen  in  Notommata  ;  the  author  is  of  opinion  that  this  capacity  for 
protrusion  shows  that  the  organ  in  question  is  analogous  to  the  armed 
proboscis  of  an  annelid,  and  he  adds,  *'  nous  donnons  le  nom  d'oesophage 
k  la  portion  suivante  du  tube  digestif,"  but  this  is  a  procedure  long 
smoe  adopted  by  at  least  English  writers  on  the  anatomy  of  rotifers. 
The  excretory  apparatus  is  described  as  being  very  similar  to  that  of 
Ladnularia  moouUib.  The  contractile  vesicle  found  in  most  rotifers  is 
absent,  and  its  fonction  seems  to  be  taken  on  by  the  spacious  cloaca. 
After  some  notes  on  the  neryous  system,  the  author  passes  to  the 
processes  of  reproduction,  to  which  the  largest  part  of  the  essay  is 
devoted. 

His  more  important  conclusions  may  be  thus  summed  up  : — 

1.  There  is  no  difference  in  the  position  of  the  nervous  system 
and  tactile  organs  of  the  MelicertidsB  and  other  rotifers.  As  in 
them,  Mdicerta  has  the  central  nervous  system  dorsal,  that  is  to  say, 
on  the  surface  which  corresponds  to  the  cloacal  orifice,  and  the 
unpaired  tactile  organ.  Like  all  rotifers,  Meltcerta  has  three  tactile 
organs,  an  unpaired  dorsal,  and  two  lateral  pairs. 

2.  The  organ  regarded  by  Huxley  as  the  ganglion  is  a  gland 
which  is  set  apart  for  providing  the  mucus  by  means  of  which  the 
elements  of  the  protective  tube  are  held  together.  The  formation  of 
this  tube  has  been  described  in  a  satisfactory  manner  by  Gosse, 
Bedwell,  and  Grube.  The  motile  ^  languette  "  placed  beneath  the 
vibratile  pit  takes  the  part  of  the  axis  of  a  wheel. 

3.  In  the  Melicertidao  the  females  may  be  divided  into  those  which 
lay  male,  those  that  lay  summer  female,  and  those  that  lay  winter 
female  ^gs.     Each  appears  to  have  its  speciality. 

4.  AU  ova  are  equally  fit  for  fecundation,  but  all  are  not  fecun- 
dated. 

5.  The  male  resembles  that  of  Lcu^inularia  soeialis.  The  sperma- 
tozoa are  ribbon-shaped,  have  an  undulatory  movement,  and  an 
elongated  head.  In  the  body  of  the  female  they  become  immobile,  and 
collect  on  the  surface  of  the  ovary. 

6.  Save  that  perhaps  the  fecundated  egg  expels  the  polar  globules, 
there  is  no  difference  in  the  development  of  ova  coming  from  a  fecun- 
dated or  a  virgin  female. 

7.  The  theory  of  Oohn,  according  to  which  only  fecundated 
females  lay  winter  eggs,  while  the  summer  ova  are  developed  partheno- 
genetically,  is  not  in  accordance  with  the  facts. 

8.  There  are  reasons  for  believing  that  the  female  fecundated 
summer  egg  gives  rise  to  one  which  lays  winter  eggs,  while  a  non- 
fecundated  summer  egg  will  only  develope  into  one  which  lays  male 
or  female  summer  eggs. 

9.  There  is  certainly  a  relation  between  the  number  of  males 
existing  at  a  given  time,  and  the  number  of  winter  eggs  existing  at 
about  ttie  same  time. 

10.  The  winter  ought  rather  to  be  called  durable  eggs,  for  they 
are  destined  to  resist  dryness  as  much  as  cold. 

11.  The  winter  have  the  same  early  history  as  the  summer  eggs. 
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sad  are,  at  the  time  they  are  laid,  diwtingnighable  onlj  bj  their  sise 
and  colour.  They  ondergo  segmentation  in  the  same  way.  At  a 
certain  time,  the  embryo  is  encysted  in  a  cellular  membrane  lying 
internally  to  the  vitelline  membrane.  Later  on  this  becomes  chitinized 
and  ornamented,  while  the  oater  vitelline  membrane  disappears. 

12.  As  far  as  the  closure  of  the  blastopore  the  male  egg  has  the 
fame  history  as  the  female. 

13.  The  sommer  egg,  if  not  fecundated,  does  not  give  off  polar 
globolea. 

14.  When  the  egg  is  laid  it  divides  into  two  unequal  segments, 
which  divide  regularly  and  symmetically  up  to  the  16th  stage.  After 
this  the  derivates  of  the  small  segment  predominate  and  inclose  the 
others.     When  the  blastoderm  is  formed  the  embryo  consists  of — 

a.  An  internal  layer  entirely  derived  from  the  last  and  largest 
■egmentation*sphere ;  this  forms  the  intestine. 

5.  An  outer  layer  which  forms  the  ectoderm  and  is  in  great  part, 
probably  altogether,  derived  from  the  smaller  primitive  segment,  and 
from  the  first  sphere  detached  from  the  large  segment. 

e.  A  median  layer  which,  if  it  does  not  form  a  continuous  layer, 
at  least  does  form  groups  of  cells  which  are  arranged  between  the 
outer  and  inner  layers  ;  this  is  derived  from  the  two  median  spheres 
of  the  large  primitive  segment,  and  probably  serves  to  form  the 
genital  organs  and  muscles. 

This  arrangement  is  a  striking  example  of  the  ¥ray  in  which  the 
order  of  the  succession  of  the  layers  corresponds  to  the  order  of 
segmentation,  the  sphere  the  furthest  fr^m  the  animal  pole  serving 
exclusively  to  form  the  intestine,  the  two  median  spheres  the  genital 
organs  and  muscles,  and,  lastly,  the  three  lower  clear  spheres  the 
ectoderm. 

15.  When  the  blastoderm  has  been  formed  the  embryological 
phenomena  take  place  in  the  following  order:  formation  of  the 
tail ;  appearance  of  the  vibratile  pit,  of  the  short  cilia  that  cover  it ; 
development  of  the  ocular  pigment,  of  the  large  cilia  of  the  wheel- 
organ  ;  formation  of  the  buccal  cavity  and  of  the  cloaca  by  the  in- 
vagination of  the  ectoderm;  appearance  of  the  meconium,  of  the 
mastax,  of  the  vibratile  cilia.  The  larva  then  escapes,  leads  for 
some  time  a  wandering  life,  and  then  settles  down  to  construct  its 
tube. 

Echinodermata. 

Histology  of  Echinodermata.* — In  his  second  communication  f 
O.  Hamann  commences  with  an  account  of  the  nervous  system  of 
Holothuria  polity  and  of  the  structure  of  the  '*  feet "  of  this  form.  In 
each  of  the  so-called  pyramidal  feet  we  find  a  strong  nerve-cord 
placed  in  the  connective  tissue,  and  composed  of  epithelial  supporting 
cells,  between  the  processes  of  which  run  the  nerve-fibrils ;  below  the 
apical  disk  they  form  a  plate,  and  here  the  processes  of  the  epithelial 
sensory  cells  pass  into  the  layer  of  nerve-fibrils.      Among  the  nerve- 

♦  Zeitschr.  f.  Wiss.  Zool.,  xxxix.  (1883)  pp.  309-33  (3  pU.). 
t  See  this  Journal,  iii  (1883)  p.  847. 
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fibrils  ganglionic  cells  are  scattered  irregularly,  and  tbey  are  remark- 
able for  the  small  quantity  of  protoplasm  wbicb  surrounds  the  nucleus. 
While  the  pyramidal  feet  have  not,  the  sucking  feet  have  a  suckiug 
plate,  the  epidermis  of  which  consists  of  elongated  cells  of  palisade- 
like  form ;  these  pass  into  the  circular  ridge,  the  cells  of  which  are 
much  shorter  and  of  two  kinds ;  some  are  cylindrical  and  connected 
by  fine  fibrils  with  a  layer  which  appears  to  be  nervous,  while  others 
have  stout  processes,  which  pass  perpendicularly  through  the  nervous 
layer  and  become  united  with  the  subjacent  connective  tissue. 

In  each  of  the  shield-shaped  tentacles  around  the  mouth  we  find 
that  the  stalk  has  a  canal  which  gives  off  branches  to  each  of  the 
''capitula"  which  form  the  free  end.  The  epithelial  layer  of  these 
capitula  is  worth  study ;  the  cells  are  filamentous  and  give  off  pro- 
cesses which  are  of  two  kinds,  some  being  stronger  than  the  others 
and  not  forming  a  plexus.  In  longitudinal  sections  we  see  a  layer 
underlying  the  epithelium,  which  is  in  parts  finely  granulated,  and  in 
parts  striated ;  the  epithelial  supporting  cells  terminate  beneath  the 
fibrillar  layer,  while  tiie  separate  fibrils  of  the  epithelial  sensory  cells 
are  continued  into  the  nerve-cord  of  the  epithelium,  which  again  is  a 
branch  from  the  large  nerve-trunk  in  the  stalk  of  the  tentacle. 

The  Cuvierian  organs  are  next  dealt  with,  and  are  described  as 
tubular  structures,  beneath  the  ciliated  epithelial  layer  of  which  is  a 
peculiar  striation ;  this  consists  of  strongly  projecting  bands  arranged 
circularly  and  pajrallel  to  one  another,  and  have  glandular  cells,  in 
rows,  among  them.  Longitudinal  and  circular  muscles  are  also  to  be 
observed.  In  the  centre  of  ejected  tubes  there  appears  to  be  a  canal, 
but  this  may  be  due  to  the  breaking  up  of  those  structures,  and  fresh 
material  must  be  examined  before  any  certain  conclusion  as  to  its 
normal  presence  can  be  arrived  at. 

The  circular  nerve-cord  of  Synapta  presents  the  following  histo- 
logical characters :  the  greater  part  of  it  is  formed  by  circular  fibrils, 
the  nerve-fibres,  among  which  cells  are  irregularly  scattered;  this 
nerve-layer  proper  is  traversed  by  processes,  which  arise  from  the  cells 
that  form  the  superficial  layer,  and  which,  with  their  processes,  may 
be  regarded  as  supporting  epithelial  cells ;  they  are  homologous  wid^ 
the  similarly  named  structures  found  in  the  epidermis  of  Asterids. 

From  the  nerve-ring  there  are  given  off  five  radial  nerves ;  these 
are  set  in  the  layer  of  connective  substance,  below  them  there  is  a 
vessel,  then  the  circular,  and  then  the  radial  muscles.  The  nerve-trunk 
is  divided  into  two  parts  and  probably  also  supported  by  a  thin  cord 
derived  from  the  connective  tissue.  The  radial  nerve  gives  off 
fibrous  bands,  which  supply  the  circular  muscles,  and  others  which 
pasB  to  the  periphery  of  the  body  and  end  in  the  tactile  papillsa. 
These  latter  appear  to  be  developed  in  consequence  of  the  loss  of  the 
suckers  or  feet ;  they  present  the  following  structures :  the  epithelium 
is  greatly  thickened,  and  its  cells  are  cylindrical  and  two  or  three 
times  the  length  of  an  ordinary  epithelial  cell ;  nerve-fibres  pass  into 
them.  In  addition  to  tbese  ordinary  papilles,  there  are  others  which 
inclose  calcareous  bodies,  and  especially  those  anchor-like  structures 
which  are  so  characteristic  of  the  group ;  in  these  no  nerve-fibres 
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wonld  seem  to  be  found.  Tei  again,  two  kinds  of  glandular  cells  are 
developed  in  tlie  integument.  In  addition  to  the  ectodermal  nerve- 
supply,  there  is  an  endodermal  system  of  enteric  nerves ;  the  oBSopha- 
geal  portion  supplies  only  the  musculature  of  the  oesophagus,  but  this 
is  primitively  endodermal  in  origin ;  the  true  ectodermal  portion  is 
found  in  the  stomach  and  intestine,  and  its  fibrils  are  richly  supplied 
with  ganglionic  cells,  and  distinctly  separated  from  the  connective- 
tissue  fibres. 

The  four  regions  of  the  digestive  tract — oesophagus,  stomach,  intes- 
tine, and  rectum — of  Sifnapta,  are  both  histologically  and  morphologi- 
cally sharply  separated  from  one  another;  and  tiie  whole  tract  is 
distinguished  from  that  of  the  pedate  Holothurians  by  the  fiEu^ts  that 
the  longitudinal  layer  of  muscles  lies  externally  and  not  internally 
to  the  circular,  that  there  is  a  special  gastric  epithelium,  and  that 
the  internal  layer  of  connective  tissue  is  strongly,  while  the  outer 
layer  is  feebly  developed. 

The  muscles  of  the  body-wall  appear  to  attain  a  remarkable 
strength  in  the  Synaptidae. 

Vervous  System  of  Holothurians-  * — R.  Semon  agrees  with  Johannes 
Miiller  in  regarding  the  radial  nerves  as  the  primary,  and  the  oeosopha- 
geal  ring  as  the  secondary  portion  of  the  Holothurian  nervous  system  ; 
the  histological  characters  of  the  former  are  more  complicated,  and 
they  appear  to  be  developed  before  the  latter.  In  the  young  Synaptse 
from  which  careful  transverse  sections  were  made,  the  radial  nerves 
were  seen  to  be  completely  developed  and  to  have  at  either  pole  a 
relatively  large  swelling,  but  there  was  no  indication  of  any  commis- 
sure. The  author  disagrees  with  the  ordinarily  received  doctrine  that 
the  nerves  end  in  a  point  near  the  anus,  for  in  that  region  he  has  been 
able  to  detect  a  considerable  thickening  in  the  nervous  band,  and  he 
inclines  to  believe  that  a  secondary  anal  commissure  is  developed ;  on 
the  other  hand,  in  the  Aspido-  and  Dendrochirota  there  is  certainly 
no  such  oommissure,  the  appearance  of  which  is  really  due  to  the 
elastic  connective-tissue-fibres  there  developed.  At  either  end  of 
the  digestive  tract  special  sensory  regions  appear  to  be  present,  and 
Holothurians  are  notoriously  sensitive  at  their  mouth  and  anus, 
possibly  to  protect  themselves  from  the  parasites  by  which  they  are 
often  infested. 

After  some  observations  on  the  topographical  relations  of  the 
nervous  system,  the  author  passes  to  the  histology  ;  the  di£&culty  of 
the  investigation  is  even  greater  than  in  other  groups  of  animals, 
owing  to  the  small  size  of  the  elements,  and  our  slight  knowledge  of 
the  minute  structure  of  the  other  organs.  After  the  animal  has  been 
killed  in  boiled  sea  water,  whereby  it  dies  in  an  extended  condition, 
and  the  elements  have  been  isolated,  it  is  as  well  to  wash  them  several 
times  in  distilled  water,  as  they  have  always  a  quantity  of  by-products 
associated  with  them.  Staining  reagents  must  bo  very  carefully  applied 
to  the  fresh  tissues,  as,  unless  they  are  very  dilute,  they  will  soon 
blacken  the  whole  tissue.     The  author  found  his  greatest  difficulty  in 

*  JenaiBcb.  Zeitschr.  f.  Med.  u.  Naturwiss.,  xyi.  (1883)  pp.  578-600  (2  pis.). 
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the  abBolnie  impossibility  of  completely  separating  the  nervous  from 
the  surrounding  tissues,  and  consequently,  of  being  always  certain  as 
to  the  truly  nervous  character  of  tiie  fibres  and  cells  which  he  had 
under  examination. 

A  transverse  section  of  a  radial  nerve  showed  that  the  periphery 
was  surrounded  by  cells,  several  layers  thick,  and  that  in  the  Aspido- 
chirote,  there  were  distinct  aggregations  of  cells  right  and  left  of  the 
middle  line ;  these  bands  were  not  seen  in  the  Dendrochirotao  or  in 
the  Synaptidad.  Internally  one  sees  here  and  there  cells,  which  in  the 
Aspidochirotee  exhibit  a  certain  arrangement,  and  which  may  be  dis- 
tinguished as  internal  and  marginal ;  histologically,  these  cells  have 
the  same  structure— a  relatively  large  nucleus  and  a  small  quantity 
of  protoplasm.  The  nervous  band  is  provided  with  a  membranous 
sheath  which  extends  along  its  whole  length  and  divides  it  into  two 
halves ;  it  is  traversed  by  a  system  of  transverse  as  well  as  of  longi- 
tudinal fibres.  The  former  may  be  certainly  believed  to  enter  into 
connection  with  the  nerve-cells,  but  the  relations,  and  indeed  the 
essential  nature,  of  the  latter  require  further  investigation. 

Some  remarks  are  made  on  the  sensory  organs,  but  no  close 
examination  has  yet  been  made  of  the  structures  at  the  base  of  the 
tentacles  of  Synapta^  which  Muller  regarded  as  eye-spots,  or  the 
auditory  organ  of  Baur.  The  author  has  discovered  at  the  end  of  the 
ambulacral  pedicels  and  of  the  tentacles,  plates  which  appear  to  have  a 
fine  tactile  sensibility. 

Vascular  System  of  Echinoderms.* — ^In  Ko.  YI.  of  his  *  Notes 
on  Echinoderm  Morphology,'  P.  H.  Carpenter  discusses  the  recent 
utterances  of  various  French  anatomists  on  the  anatomical  relations 
of  the  vascular  system. 

Attention  is  first  directed  to  the  researches  of  Eoehler,  who  finds, 
in  addition  to  the  one  vascular  ring  round  the  mouth  of  an  Echinus 
vrhich  has  been  acknowledged  by  Hoffinann  and  by  Perrier,  another 
oval  ring  which  can  be  injected  by  inserting  the  cannula  into  the 
lower  end  of  the  '*  heart"  or  *' ovoid  gland  **  through  the  intermediation 
of  a  vessel  which  lies  beside  but  is  quite  distinct  from  the  water-tube. 
The  injection  will  pass  also  into  ramifications  within  the  Polian 
vesicles,  and,  if  pressure  be  used,  into  these  organs,  while  the  water- 
tube  and  radial  vessels  will  also  be  injected.  In  Spatangids  either 
of  the  two  oral  rings  may  be  injected  from  the  corresponding  radial 
vessel,  and  each  ring  sends  branches  into  the  ambulacra.  ''This," 
Mr.  Carpenter  says,  "  leads  to  the  suspicion  that  each  radial  vessel  of 
an  Echinus  communicates  directly  with  a  corresponding  vascular  ring, 
just  as  was  described  by  Teuscher,  and  that  the  water-vascular  and 
blood-vascular  systems  are  distinct,  at  any  rate  in  the  peristome  and 
ambulacra."  And  it  is  further  pointed  out  that  Eoehler's  results 
would  have  had  a  still  higher  value  if  they  had  been  more  fully  com- 
pared with  the  results  of  other  anatomists,  who  have,  in  Asterids, 
Ophiurids,  and  Orinoids,  already  described  independent  blood- vascular 
and  water-vascular  systems. 

♦  Quart.  Journ.  Blicr.  Sci.,  xxiii.  (1883)  pp.  597-616. 
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Koehler*8  studies  give  evidence  of  the  connection  between  the 
heart"  and  the  blood-vascular  system,  which,  while  affirmed  by 
Ludwig,  Carpenter,  and  others,  has  been  denied  by  Perrier  and 
Apostolides.  The  organ  in  question  is  described  as  '*  a  reticulum  of 
connective  tissue,  supporting  cellular  elements  that  undergo  a  peculiar 
degeneration,  the  final  result  of  which  is  the  formation  of  numerous 
pigment-masses ; "  it  might,  perhaps^  be  convenient  to  speak  of  this 
body  as  the  *'  plexiform  gland  " ;  it  is  most  certainly  not  a  heart,  and 
may  probably  have  something  to  do  with  the  production  of  the  common 
brown  pigment-bodies. 

After  noting  and  criticizing  some  of  Eoehler's  statements  as  to  the 
fusion  of  the  two  vascular  systems  and  other  points  in  the  anatomy  of 
Spatangids,  Perrier's  recent  note  on  the  organization  of  Crinoids  is 
taken  up,  and  it  is  pointed  out  that,  for  the  investigation  of  certain 
anatomical  points,  Antedon  eschrichti  affords  more  satii^actory  material 
than  A.  rosacea.  The  blindness  of  the  vessels  connected  with  the 
"  ovoid  gland  "  is  apparent  only,  and  is  due  to  the  study  of  single  thin 
sections;  on  the  whole,  Mr.  Carpenter  agrees  rather  with  Ludwig 
than  with  Perrier  in  his  views  on  the  vascular  system;  the  latter, 
however,  is  the  first  continental  naturalist  who  has  supported  publicly 
the  Carpenters'  doctrine  of  the  nervous  nature  of  the  fibrillar  envelope 
of  the  chambered  organ.*  Mr.  Carpenter  reports  the  presence  of 
bipolar  cells  in  the  branches  of  the  axial  cord  in  PentacrinuM^  Bathff' 
crinus,  and  A.  eschrichti;  and,  in  the  last-named  he  has  found  that 
there  is  in  the  disk  a  fibrillar  plexus  which  forms  an  annular  network 
around  the  lip.  Extensions  of  this  plexus  are,  in  all  probability, 
connected  with  the  fibrils  of  the  sub-epithelial  band,  which  by  many 
anatomists  is  regarded  as  the  sole  nervous  apparatus  of  the  Crinoidea. 

CoBlenterata. 

Vervous  System  of  Porpitat— After  a  short  account  of  the 
literature  of  the  nervous  system  in  the  CcBlenterata,  H.  W.  Conn  and 
H.  G.  Beyer  give  a  sketch  of  the  general  anatomy  of  Porptta  before 
describing  in  detail  the  nervous  and  sensory  structures  of  tiie  animal. 
The  nervous  system  consists  entirely  of  scattered  ganglion-cells,  gene- 
rally trii)olar,  but  frequently  also  bipolar  and  sometimes  multipolar ; 
the  fibres  may  be  trac^  for  some  distance,  dividing  and  subdividing, 
until  they  are  finally  lost  in  the  muscular  layer ;  in  some  cases  the  pro- 
cesses of  several  ganglion-cells  unite.  Tnmsverse  sections  show  that 
these  cells  are  invariably  ectodermic,  and  never  endodermic  as  is  the 
case  in  certain  other  Coelenterata ;  the  nerve-cells  are  most  abundant  in 
those  parts  of  the  body,  e.  g.  the  velum,  where  the  muscular  system  is 
well  developed,  and  appear  to  be  entirely  absent  from  the  nutritive 
zooids  whidi  are  unprovided  with  muscles.  There  is  no  trace  of  any 
central  nervous  system:  no  nervo-ring  exists  such  as  has  been 
demonstrated  in  MedussB. 

*  Of.  this  Journal,  iii.  (1883)  p.  661. 

t  Studies  Biol.  Laboratory  Johns  Hopkins  University,  ii.  (1883)  pp.  43S-45 
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Bound  thQ  edge  of  the  yelam  are  a  number  of  organs  believed  to 
be  sensory ;  each  consists  of  a  small  "  ectodermal  pocket,"  containing 
a  number  of  large  cells  which  are  of  two  kinds ;  those  on  the  outside 
are  more  slender  and  less  granular  than  those  in  the  interior,  with 
which,  howerer,  as  well  as  with  the  ordinary  ectodermic  cells,  they 
are  connected  by  insensible  gradations.  No  connection  was  observed 
between  these  and  the  ganglion-cells,  and  not  a  single  ganglionic 
corpuscle  could  be  detected  among  them.  Seeing,  however,  that  the 
ganglionic  cells  are  only  developed  in  connection  with  the  muscles, 
it  is  not  to  be  wondered  at  that  they  are  absent  from  these  marginal 
sense-organs. 

When  the  animals  are  kept  in  an  aquarium  for  some  time,  the 
marginal  bodies  rapidly  degenerate,  the  cells  becoming  fused  together 
and  the  whole  organ  presenting  the  appearance  of  a  fused  granular 
mass,  which  causes  them  to  resemble  glandular  organs. 

Bermudan  HedussB.* — J.  Walter  Fewkes  gives  a  list  and  some 
account  of  the  free  jelly-fishes  found  in  Castle  Harbour,  Bermuda,  in 
May  and  June  1882.  Among  them  is  the  representative  of  a  new 
genus,  Oceanopsis,  which  differ  from  other  Oceanidas  by  possessing 
four  otocysts,  from  the  neighbourhood  of  each  of  which,  on  the  beU 
margin,  there  arise  small  tentacular  filaments.  One  specimen  of 
Shitaphyta  fiUformia  was  observed  to  be  more  than  three  feet  in 
length. 

Forifera. 

Alleged  new  Type  of  Sponge- 1 — Under  the  name  Camaraphy- 
iema  obwwra  J.  A.  Ryder  describes  and  figures  (from  a  single  dead 
specimen)  a  lobate  mass,  chiefly  made  up  of  chambers  lined  by 
nucleated  columnar  cells  resting  on  a  basement  membrane.  The 
chambers  contained  oi^a  in  different  stages  of  development ;  no  collar- 
cells,  sponge-mesoderm,  fibres,  or  spicules  were  observed.  From 
these  points  it  will  be  sufficiently  evident  that  the  author  has  been 
mistaken  in  assigning  the  organism  to  this  group.  He  mentions 
eversible  funnels  as  lying  in  the  mouths  of  the  superficial  chambers, 
and  possibly  the  Bryozoa  would  more  fitly  receive  this  form,  which, 
however,  to  be  properly  determined,  should  be  studied  in  the  living 
state. 

Biology  and  Anatomy  of  Clione.| — The  first  question  propounded 
by  N.  Nassonow  is,  '*  How  does  the  sponge  make  its  way  into  the 
hard  calcareous  structures,  and  how  does  it  complete  its  destructive 
work?"  To  answer  this  question  he  cultivated  young  sponges  on 
thin  transparent  calcareous  lamell® ;  the  larvas,  after  a  free  stage, 
settled  on  the  plates,  and  soon  a  rosette-shaped  mark  appeared; 
the  sponge  -gave  off  thin  processes  which  passed  into  the  substance 
of  the  plate,  and  followed  the  contour  lines  of  the  rosette ;  about  a 
day  aft^  the  sponge  settled  a  rosette-shaped  particle  was  taken  out 
of  the  plate ;  the  body  of  the  sponge  entered  the  depression  thus 

•  Bull.  Hub.  Comp.  Zool.  Camb.,  xi.  (1883)  pp.  79-90  (1  pi.). 
+  Pioc.  U.  8.  National  Mue.,  iii.  (1881)  pp.  269-70  (7  figs.). 
X  Zeitsohr.  f.  Wise.  Zool.,  xxxix.  (1883)  pp.  295-808  (2  plB.). 
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formed,  took  the  particles  into,  and  then  cast  them  ont  of  its  body. 
Towards  the  evening  of  the  day  of  observation  the  rosette-shaped 
marking  had  totally  disappeared,  and  its  place  was  taken  by  a  small 
pit ;  into  this  the  sponge  contracted  the  greater  part  of  its  body. 
Chemical  as  well  as  mechanical  agencies  appeared  to  be  at  work, 
bnt  the  demonstration  of  the  presence  of  the  acid  was  prevented  by 
the  strong  alkaline  reaction  of  the  sea  water.  Contrary  to  the  view 
of  Hancock,  Nassonow  thinks  that  flie  spicules  of  the  sponge  take 
no  part  in  the  boring  operation ;  indeed,  the  young  sponge  began 
before  it  had  developed  any  skeletal  structures,  not  to  say  before 
it  had  completely  taken  on  the  other  characters  of  the  adult. 

The  second  question  deals  with  the  influence  of  the  parasitic  mode 
of  life  on  the  organization  of  the  sponge ;  of  these  results  the  most 
striking  is  perhaps  the  fact  that  Clione  appears  to  pass  its  eggs  into 
the  water  whore,  and  not,  as  in  all  other  sponges,  in  the  body  of  the 
animal,  they  become  fertilized. 

Some  iiiformation  is  given  as  to  the  structural  characters  of  this 
sponge,  and  the  author  states  that  the  best  sections  were  obtained 
from  specimens  which  had  been  treated  with  osmic  acid,  and 
hardened  in  alcohol ;  good  results  were  also  obtained  by  colouring 
with  haBmatoxylin ;  sections  should,  on  account  of  the  spicules,  be 
mounted  in  glycerine.  On  account  of  the  closeness  with  which  the 
mesodermal  cells  are  packed  the  sections  must,  as  in  Aplynna 
(Schulze)  be  very  thin.  These  dosely-packed  cell-layers  fill,  in 
parts,  the  whole  of  the  inner  body-mass,  and  among  them  foreign 
bodies — either  food-remnants  or  calcareous  particles — were  not 
onfrequently  observed.  Various  forms  of  cells  are  to  be  noticed, 
but  between  them  all  there  are  a  large  number  of  intermediate 
stages. 

New  Siliceous  Sponges  from  the  Congo.*— W.  Marshall  intro- 
duces his  description  of  these  new  sponges  from  fresh  water  by  some 
general  observations  on  the  relation  of  fluviatile  to  marine  sponges. 
Every  one  agrees  that  the  former  are  genetically  derived  from  the 
latter,  and  most  think  that  the  origin  was  a  monophyletio  one.  The 
three  general  resemblances  which  lead  to  this  view  are  :  (1)  they  are 
monactinellids ;  (2)  they  inhabit  fresh  water;  (3)  they  exhibit  an 
asexual  as  well  as  a  sexual  method  of  reproduction.  The  first  two 
points  appear  to  be  of  no  importance,  when  we  consider  that  three- 
fourths  of  the  marine  Silicispongife  appear  to  be  monactinellid ;  and 
as  against  the  third  we  have  Dybowski's  observation  that  there  are  no 
gemmules  in  the  Ltdxyminkia  of  Lake  Baikal,  and  that  a  number  of 
marine  forms  reproduce  by  gemmation ;  yet  again,  we  must  bear  in 
mind  that  gemmules  are  not  confined  to  sponges,  witness  only  the 
analogous  case  of  the  Bryozoa.  Gemmules,  then,  no  more  than 
stinging  cells,  are  to  be  used  as  criteria  of  genetic  affinities.  A 
careful  discussion  of  all  the  fiActs  of  the  case  leads  to  the  conclusion 
that  fresh-water  si)onges  are  most  closely  allied  to  the  BenierinsB^ 
but  that  they  have  been  developed  independently  of  one  another  in 

*  Jenaisoh.  Zeitsehr.  f.  Med.  u.  KatcnrwiiB.,  xvi.  (1888)  pp*  55S-79  (1  pL). 
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di&rent  zegions  of  the  earth's  snrfiEu^e,  and  that  their  resemblances 
to  one  another  are  doe  to  the  simiLir  conditions  of  their  new  and 
altered  mode  of  life.  Some  of  these  modifications  haye  been 
•oqnired  (e.  g.  gemmules)  and  may  be  said  to  be  of  a  positiye 
character,  while  others  are  negative,  and  are  dne  to  the  disappear- 
ance of  some  of  the  characters  of  their  marine  allies ;  snch  is  the 
loss  of  colour,  owing  no  donbt  to  the  disappearance  of  ^e  conditions 
for  self-protection  which  called  it  into  existence.  The  fresh-water 
qpODges  may  form  the  group  Potamosponeied  among  the  BenierinsB. 

^niree  species  of  the  new  genus  JrofeimoIepM  are  described: 
P.  fen&iiitsuB,  P.  dbrtorta,  and  P.  pechueUi ;  they  have  no  resemblance 
to  l^pcmgiMay  or  indeed  to  any  B^erine  sponge.  The  last  species 
calls  to  mind  a  Farrea^  owing  to  the  macroscopic  structure  of  its 
skeleton,  and  the  arrangement  of  its  fibres.  The  differences  appear 
to  be  due  to  their  surroundings,  for  the  currents  of  water  in  the  rainy 
season  being  of  great  force,  it  is  necessary  for  Potamolepis  to  developo 
structures  which  are  not  necessary  to  uie  SpangiUa  of  stagnant  or 
gently  flowing  water. 

Protozoa. 

Parasitio  Infiisoria.*  —  TrichomonM  vaginalta  is  described  by 
G»  Kiinstler  as  extremely  protean  in  external  form ;  it  may  devdope 
paeudopodia  over  the  general  surfEMse  or  localized  at  the  posterior 
extremity;  at  the  anterior  end  are  four  flagella  united  by  their 
basesy  from  which  point  an  undulating  membrane  extends  to  the  pos- 
terior extremity  of  the  body.  At  the  base  of  the  flagella  also  the 
mouth  opens ;  uie  nucleus,  which  varies  in  form,  lies  at  the  side  of  the 
CBSophagus ;  the  general  protoplasm  has  a  vacuolated  structure.  In 
the  intestine  of  a  certain  Ghelonian  occurs  a  parasite  apparently 
allied  to  Oioidia  agiUa.  The  body  is  divided  into  two  regions :  the 
anterior  is  the  larger,  is  vacuolated,  and  invested  by  a  loose  plicated 
and  embossed  sheath ;  the  base  of  the  flagellum  has  almost  the  same 
diameter  as  the  body,  is  very  long,  and  is  readily  shown  to  be  striated ; 
it  reproduces  by  buds  from  the  anterior  extremity.  Other  organisms 
are  mentioned  as  parasites,  but  not  described,  from  the  same  host 
Jletorowito  or  Boda  (Bodo  f) — LacertcB  is  described  as  a  new  species 
f^om  the  inietUne  of  Lacerta  viridis;  the  mouth  is  surrounded  by 
a  ciroular  cushion,  tiie  nucleus  often  has  a  very  complicated  structure, 
proonting  much  variation,  the  body  is  areolar ;  reproduction  takes 
nlaoe  by  transverse  fission.  A  pynform  Flagellate,  with  four  long 
looomotor  flagella,  with  a  lobule  at  their  base,  leading  into  the 
CBSophagus,  and  a  longitudinal  costa  on  the  left  side,  also  occurs  here. 
A  quadri-flagellate  organism  with  a  large  posterior  vacuole  is  described 
fma  HjfdrophUuSf  also  an  Amcehoy  which  is  truly  amoebiform  only  in 
the  young  rtate,  afterwards  it  maintains  a  finger-like  shape  and  pro- 
duces pseudopodia  only  from  the  anterior  region.  FlageUaia  are  also 
indicated  from  various  insects,  from  Taxopneiutes  and  the  blood  of 
CMoi  a  NyeMherus  from  Oryctes  and  a  Flanarian  from  SoleUf  but 
with  no^  or  but  the  briefest  descriptions. 

*  Oomptes  Rendui,  xovii.  (1888)  pp.  755-7. 
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Kew  Infusoria- — O.  E.  Imhof  *  states  the  discoyery  in  the  Lao 
dn  Bourget  in  Savoy  of  Dinobryon  eylindricum  n.  sp. 

A.  C.  Stokes  (of  Trenton,  N.  J.)  also  records  f  a  Vorttcellaj  which, 
on  account  of  its  peculiar  and  well-developed  external  investment,  he 
has  named  Vorticella  veatita. 

"  Body  soft  and  plastic,  broadly  campanulate,  widest  at  the 
anterior  margin,  constricted  beneath  peristome  border  and  posteri- 
orly rounded  at  its  junction  with  the  pedicle ;  when  contracted,  sub- 
spheroidal.  The  whole  cnticular  surface  is  covered  by  a  oonspicuous 
cellnlar  coating  which  gives  the  superficial  aspect  a  minutely  reticu- 
lated appearance,  and  the  external  margin  a  finely  crenated  outline 
when  seen  in  optical  section.  This  investment  is  formed  of  a  single 
layer  of  cells  arranged  in  equatorial  series,  the  upper  and  lower  cell- 
walls  being  equidistant  in  each  row  throughout  the  whole  length  of 
the  body.  The  cells  themselves  are  as  colourless  as  the  animalcule 
and  as  transparent,  their  contents  being  invisible  liquid  usually  con- 
taining many  dark-bordered,  actively  moving  granules.  When  the 
creature  is  in  a  weakened  or  dying  condition  the  cell-contents  are  so 
increased  in  quantity  that  the  cells  become  extended  and  bubble-like, 
the  zooid  then  resembling  a  mass  of  froth. 

The  peristome  border  is  but  slightly  everted.  The  vestibular 
bristle  is  well-developed  and  conspicuous.  The  contractile  vesicle 
pulsates  at  intervals  of  twelve  seconds.  The  nucleus  is  band-like, 
curved,  and  remarkably  long,  one  arm  extended  across  the  body 
anteriorly  for  almost  its  entire  width,  then  bending  and  curving  for 
nearly  an  equal  distance  along  the  ventral  side  of  the  zooid. 

The  pedicle  is  from  six  to  seven  times  the  length  of  the  body,  and 
when  retracted  forms  about  seven  coils  which  exhibit  transverse 
striations  or  wrinkles,  particularly  noticeable  as  it  is  extending.  The 
muscular  thread  is  roughened  at  irregular  intervals  by  dusters  of 
minute  rounded  elevations.     Body  1/500  in.  in  height.'' 

W.  Milne  also  records  X  one  new  genus  and  four  new  species  from 
brackish  water  :  Tetramitus  gyrans  n.  sp. ;  Hexamita  Kentii  n.  sp. ; 
Longicilium  fiexicuneus  n.  gen.  and  sp. ;  and  Tillina  harbaia  n.  sp. 

Eelationship  of  the  FlageUata  to  Algse  and  InftL8oria.§ — G. 
Elebs  proposes  to  limit  the  term  Flagellata  to  the  Euglenacead  and 
Peraneme89,  which  are  again  divided  into  the  Euglenida,  Astasieea, 
Ghloropeltida,  and  Scytomonadina  Stein ;  and  discusses  their  struc- 
ture, vital  phenomena,  and  systematic  position.  The  treatise  is 
divided  into  three  sections :  (1)  monograph  of  the  EuglenacesB  ;  (2) 
some  Flagellata  in  the  older  sense  of  the  term,  belonging  to  the  lower 
dilorophyllaceous  algsB  ;  and  (3)  the  fresh- water  PeridinesB. 

The  EuglenacesB  are  made  up  of  the  genera  Euglena,  Trachdo' 
monaSy  Col<iciumf  Ascoglena  (Stein's  Euglenidd),  Eutreptia^  Phctcus^ 
Astana^  Bhabdomonas  (two  species  of  Stein's  Astasieie),  and  Menoidium 

♦  Zool.  Anaeig.,  vi.  (1883)  pp.  655-7. 
t  Amer.  Mon.  Mior.  Joam.,  iv.  (1883)  p.  208. 
X  Proc.  Phil.  Soc.  Glasgow,  xiv.  (1883)  pp.  32-6  (1  pi.). 
§  Sep.  repr.  from  Unten.  Bot.  Inst.  Tiibingen,  1.  (1883)  ISO  pp.  (2  pis.).    See 
Boi  Ztg.,  xh.  (1883)  p.  595. 
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Stein.  The  ohlorophjllaceoius  are  separated  from  the  non-chloro- 
phyllaceoiiB  hyaline  Euglenacea.  The  author  describes  their 
general  Btmctnre,  system  of  vacuoles,  contents,  and  investing  struc- 
tures, and  then  proceeds  to  their  mode  of  division,  resting  condition, 
and  the  question  of  sexuality,  as  to  which  he  obtained  simply  negative 
results,  and  the  general  biological  phenomena  of  the  green  Euglen- 
aoen.  He  considers  the  colourless  as  direct  descendants  of  the  green 
fonns,  and  as  the  link  of  relationship  of  the  latter  with  other  Flagel- 
lata.  No  systematic  separation  of  the  hyaline  from  the  green  forms 
is  possible.  Notwithstanding  the  numerous  transitional  forms  between 
the  different  species  of  EaglenacefiB,  the  author  establishes  two  groups 
with  nine  genera,  the  characters  dependent  on  the  delicate  internal 
structure,  &e  mode  of  movement,  behaviour  towards  external  influ- 
ences, &0,  The  author  then  discusses  the  relationship  of  the  Euglen- 
ace»  to  the  Peranemen  and  Algaa.  The  Peranemesd  resemble  the 
Euglenacesd  in  essential  points,  bat  differ  in  the  possession  of  a 
mouth-opening  and  special  mouth-apparatus. 

Among  the  Flagellata  of  Stein,  the  author  regards,  in  addition  to 
the  Yolvocineas,  CMorogonium  etiMorum  Ehbg.  as  a  typical  Chlamy- 
domonad,  as  also  CKUmmgium  aterUarinum  from  the  family  of  Hydro- 
morina.  As  is  the  case  with  the  other  Chlamydomonads,  hyaline  forms 
of  both  occur.  A  new  classification  of  the  unicellular  Chlorophyceaa  is 
TOoposed,  associating  under  the  name  Protococcoidesd  the  groups 
rleorococcsB,  GhlorosphaBraceaB,  Tetrasporeao,  ChlamydomonadaB, 
Yiivocinofc,  ElndosphaBraceaB,  Characiead,  and  HydrodictyeaB.  The 
Endosphsdracea,  Tetrasporeas,  and  Ohlorosphasracese  load  to  the 
Siphoness,  Ulvaoeaa,  and  ConfervaccaB. 

The  fresh-water  forms  of  the  Peridineaa,  on  the  vegetable  nature  of 
which  the  author  agrees  with  Leuckart,  are  treated  of  in  detail,  and 
the  following  are  the  general  results  at  which  the  author  has  arrived. 

The  Euglenacead  and  Perancmeas  must  be  separated  from  the 
Oiliata  and  placed  among  the  Infusoria,  forming  a  separate  division, 
the  Flagellata,  distinguished  by  a  different  mode  of  ciliation,  and 
other  differences  in  structure.  The  YolvocineaB,  Chlamydomoziadte, 
and  Hydromorina  Stein  remain  partly  among  the  ChlorophyceaB. 
From  both  the  Ciliata  and  the  Flagellata  must  also  be  separated  the 
PeridineaB,  termed  by  Claparede  and  Lachmann  Cilioflagellata,  and 
regarded  by  Bergh  and  Stein  as  a  connecting  link  between  these  two 
groups ;  they  form  a  well-marked  family  of  Thallophytes. 

Klebs'  group  of  Flagellata  remains,  even  if  associated  with  the 
Infusoria,  an  intermediate  group,  connected  on  one  hand,  through  the 
CzTptomonadsd,  with  the  Algad,  on  the  other  hand  with  the  YampyrellsB, 
ibuopod-like  organisms,  NoctilacaB,  &c  Their  general  character 
oonnects  them  partly  with  the  Protozoa,  partly  with  the  lower  Thallo- 
phytes. 

Transformation  of  Flagellata  into  Alga-like  Organisms.* — 
A  paper  intended  to  show  some  relations  between  animals  and 
plants  at  their  lowest  degrees  of  development  is  contributed  by 
IL  Shmankevitch. 

*  Mem.  NoYOTOBsian  Soo.  Natural.,  vii.    Gf.  Nature,  xxix.  (1884)  p.  274. 
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When  the  Flagellate  Anitonema  admu — ^hayio^  a  relatiTely  hi^ 
orgamxation — is  cultivated  for  many  generations  in  a  medinm  whioh 
is  slowly  modified,  for  instance  in  £resh  water  to  which  a  certain 
amount  of  seansalt  is  added,  its  structure  is  modified  in  proportion 
as  the  concentration  of  the  solution  of  salt  is  increased.  The  indi- 
yiduals  become  less  deyeloped,  their  size  diminishes,  and  the  feeding- 
canal  loses  its  former  development.  Numberless  intermediate  forms 
between  Ani$<mema  adntu  and  its  new,  less  developed  representatives^ 
make  their  appearance,  as  well  as  between  these  and  the  still  lower 
Aniionema  sulcatum^  which  would  thus  be  but  a  lower  organized 
variety  of  the  former.  When  the  concentration  of  the  medium  in 
which  the  AnUonema  lives  is  carried  on  side  by  side  with  a  change  of 
temperature  of  the  medium,  the  transformation  goes  further  on,  and 
the  lowest  Anisonema  are  transformed  on  the  one  side  into  alga^-like 
organisms,  and  in  another  direction  into  organisms  which  seem  to 
belong  to  the  category  of  fungL  The  individuals  not  only  become 
smaller,  but  they  give  rise  also  to  a  progeny  long  before  reaohinff 
their  full  size.  Under  the  influence  of  the  sun's  rays  the  uncoloured 
Flagellata  acquire  a  new  physiological  function,  and  develope  bhlo- 
rophyll. 

**  We  see  thus,"  the  author  says,  **  the  beginnings  of  two  kingdoms^ 
animal  and  vegetable,  radiating  from  one  common  stem.  We  see  the 
transformation  of  one  of  them  into  the  other,  not  only  in  its  morpho- 
logical features,  but  also  in  its  physiological  functions,  under  the 
direct  influence  of  physical  and  chemical  agencies.  The  saline  solu- 
tions, as  compared  with  fresh  water,  diminish  the  size  of  the  lower 
organisms,  and  at  the  same  time  they  contribute  towards  the  develop- 
ment of  chlorophyll  in  the  fresh-water  algsB,  thus  giving  them,  so  to 
say,  a  more  vegetable  character,  together  with  an  increased  pro- 
ductiveness." And  further:  ''Whilst  descending  from  Aniaonema 
$ulcatum  to  a  unicellular  alga,  we  see  the  retrogressive  development^ 
a  simplification  of  organization ;  we  descend  towards  the  plants  con- 
taining chlorophyll,  .  .  .  While  descending  from  the  same  AnUanema 
by  another  brandi,  we  enter  into  the  region  of  those  lower  organisms 
which,  under  the  influence  of  another  medium,  do  not  develope  chloric 
phyll,  and,  having  no  nutrition  from  the  air,  derive  their  food  from  the 
substratum;  they  might  be  described  as  parasitic  Bhizopoda,  and 
this  the  more,  as  from  the  fungoid  form  we  can  ascend,  under  some 
circumstances,  not  only  towards  the  amoBba-like  uncoloured  Flagellata, 
but  also  towards  the  moving  monad.  On  the  contrary,  by  reversing 
the  physical  agencies,  we  can  arrive,  from  the  unicellular  alga,  as 
well  as  from  8ie  fungoid  form,  to  an  uncoloured  form  having  the 
structure  of  AtMonema,"  The  researches  of  A«  Giard,  Cienkowsl^, 
and  Famintzin,  and  some  observations  by  E.  Bay  Lankeeter,  seem  to 
be,  in  the  author's  opinion,  in  accordance  with  the  above. 

Stein's  'InAisionsthiere.'*— The  second  half  of  Part  UL  of 
Dr.  F.  Bitter  v.  Stein's  well-known  work  on  the  Infusoria,  has  just  been 

*  Btein,  F.  Bitter  v.,  'Der  Organismua  der  Infusionsthiere.  III.  Abth. 
II.  H'alfte.  Der  Organismus  der  Arthrodelen  Flagellaten.'  fol.,  Leipzig,  18^, 
30  pp.  and  25  pis. 
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published*  It  does  not  contain  the  expected  oharaoten  of  the  genera 
and  description  of  the  species  figured  in  the  first  part,  which  are  still 
farther  deferred,  but  deals  witii  the  forms  most  of  which  are  more 
nsoallj  known  under  the  name  of  Cilio-flagellata. 

After  a  desoriptiye  account  of  the  course  of  his  researches  since 
the  publication  of  the  first  half  in  1878,  the  author  giyes  a  summary 
(in  28  pages)  of  the  results  at  which  he  has  arrived.  The  forms  now 
treated  of  he  considers  to  be  a  sub-order  of  the  Flagellata,  the  simpler 
forms  of  Flagellates  described  by  the  first  part  forming  the  other  sub- 
order. The  latter  he  terms  Monero-flagellata  and  the  former 
Arthrodelo-flagellata.  He  objects  to  the  name  of  Gilio-flagellata,  as 
it  sapposes  that  the  organisms  besides  a  flagellum  are  provided  with 
eiliai  whilst  Proroeenirum  and  Nodihica  are  without  such  cilia.  They 
all,  however,  have  a  distinctly  articulated  body,  whence  the  designation 
Arthrodelo. 

The  division  into  five  families  is  founded  upon  the  modifications  of 
the  articulation,  and  the  30  genera  upon  the  absence  or  presence  of  a 
secondary  articulation  of  the  body-covering  as  well  as  on  iSidr  arrange- 
ment, number,  form,  and  size.  The  following  are  the  families  and 
genera:-— 

Prorooentrinsd  (Proroeenirum^  Dinopyxiay  and  Cenchridium\ 
dadopyxids  (Cladopyxia),  Peridinidie  (Q-ymnodinium^  HemidiniuMf 
Olmudinium,  ulaihroeyataj  Heterocapsa,  Anwhidoma,  Oxytoxum,  Pyr- 
mdium^  CeraiocoryB,  Ooniodomaj  Oonyaulastj  Sl^harocysta^  Podolampoi^ 
Diplcptdlis,  Peridiniumy  and  Ceratium). 

DmophysidaB  (Amphidinium,  PhaJclcroma,  Dinophysis^  AmphtBolenia^ 
OUkari$te$y  Hittioneis,  and  Omithoceretu). 

NoctilucidiB  (Ptychodiscus,  Pyrophacuiy  and  Noeiiluca). 

Being  prevented  by  unfavourable  weather  from  going  to  the  sea, 
Dr.  Stein  bethought  himself  of  trying  the  contents  of  the  stomachs  of 
marine  animals  preserved  in  spirit,  aid  in  this  line  of  research  he  was 
eompletely  successful,  by  far  the  most  numerous  and  important  of 
his  discoveries  being  obtiuned  from  the  stomachs  of  various  Tunicates 
(AmMIo^  SalpOy  and  Cynthia\  Vermes  {SabeUa^  Serpulaj  and  SipunetduaY 
and  Echinoderms  (Synapta,  Ophiolhrix,  *  Comatula,*  and  Actinometra), 
Hundreds  of  indiriduals  were  obtained  from  one  species  of  Scdpa^  and 
the  author  was  occupied  from  November  1880  to  the  end  of  1882  in  the 
examination  of  the  organisms  he  thus  found. 

A  general  description  is  given  of  the  principal  forms,  with  refer- 
ences to  the  25  plates,  which  are  also  accompanied  by  brief 
''explanations."  It  was  not  found  possible  to  engrave  all  these  on 
copper  as  was  done  in  the  case  of  die  plates  of  the  preceding  Parts, 
and  11  are  accordingly  lithographs. 

It  will  be  observed  that  Stein  includes  Noctiluea  in  his  order  of 
Arthrodelo-flagellata.  His  justification  for  this  we  propose  to  deal 
with  later,  but  here  may  be  mentioned  that  it  is  based  on  the  discovery 
of  the  forms  placed  in  the  two  genera  Ptychodiscus  and  Pyrophaeu$^ 
whicih  on  the  one  hand  are  closely  related  to  NoctUuca  while  on  the 
other  they  are  unmistakably  Arthrodelo-flagellates. 
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Among  other  novelties  introdnoed  by  Stein  are  the  following : — 

The  genus  Cenchridium  Ehrbg.,  hitherto  placed  with  the  Forami- 
nifera  and  forming  Williamson's  Entasolenia^  is  referred  to  the 
ProrooentrinsB  from  its  similarity  to  DinopyxU^  and  partionlarly  D. 
eomprestfi.  Examination  of  living  individoids  is  desirable  before  this 
clasiBification  can  be  accoptod. 

Dinopyxis  comprewa  has  hitherto  been,  Stein  thinks,  erroneously 
dassod  as  a  diatom  (  =  Pyondicola  campressa  Baily,  P.  prUca  Ehrbg.  ?). 

The  problematical  organisms  wnich  Ehrenberg  obtained  from 
flints  and  described  as  species  of  Xanthtdium  (distinct  from  the  true 
species  of  Xanthidium,  which  are  unicellular  algSB  of  fr^sh  water) 
Stein  places  in  the  genus  Cladopyx%9 — the  sole  genus  of  the  Clado- 
pyxidaB — on  account  of  peculiarities  of  form  which  he  considers  show 
them  to  belong  to  the  Flagellata.  A  species  of  Cladopyxis  from  the 
stomach  of  a  Salpa  is  evidently  very  nearly  allied  to  X  ramotum  and 
X,  /urcatum  Ehrbg. 

Cilio-Flagellata-* — G.  Pouchet  has  made  some  observations  on 
Cilio-flagellates,  supplementing  those  of  Bergh.| 

A  number  of  now  forms  are  described,  most  of  which  the  author 
hesitates  to  designate  as  new  species  on  account  of  the  very  rudimentary 
state  of  our  knowledge,  ranging  them  as  varieties  in  **  specific  groups." 
Of  Protoperidinium  two  new  species  are  described,  of  Peridinium 
one,  Olenadinium  three,  and  Oymnodinium  one.  No  new  light  (the 
author  says)  is  thrown  on  the  mode  of  evolution  and  reproduction,  and 
the  facts  observed  in  regard  to  the  conjugation  of  Ceratiumy  the  gemi- 
nation of  DifwphystSf  and  the  segmentation  of  Amphidinium  "  do  not 
seem  to  agree  precisely  with  one  another,  and  would  suggest  very 
great  differences  in  the  group  which  seems,  however,  to  be  so  homo- 
geneous and  so  natural." 

Some  species  may  present  themselves  in  chains  which  break 
up  to  set  at  liberty  the  individuals  which  have  arrived  at  their  full 
development.  The  origin  of  these  chains  remains  completely 
unknown.  It  seems  scarcely  probable  that  they  are  formed  by 
epigenesis.  They  seem  rather  to  result  from  the  simultaneous 
development  of  a  certain  number  of  cells  originally  conjugated. 

Other  Cilio-flagellates  (Dinophysis)  are  found  in  groups  of  two 
individuals,  which  are  destined  to  separate  later  on ;  others  {Amphi^ 
dinium)  divide  and  multiply  after  the  manner  of  diatoms. 

The  mucous  cyst,  observed  by  Stein  and  Bergh,  within  which 
fission  is  said  to  take  place,  was  never  seen,  but  in  some  Cilio-flagellates 
provided  with  a  test  (^Peridinium  divergeru)  the  body  retracted  within 
it  was  seen  to  give  rise  by  fission  to  two  new  individuals. 

The  Cilio-flagellates  appear  to  be  directly  allied  to  the  NocfiluccB^ 
whicli  latter  are  perhaps  directiy  derived  from  P.  divergens.  '*  Every- 
thing indicates  the  closest  relationship  between  these  organisms,  and  if 
the  evolutionary  chains  pointed  out  here  should  oome  to  be  directly 
demonstrated,  or  if,  on  the  other  hand,  the  peridinian  chains  should 

*  Joum.  Anat.  ct  Physiol.,  xiz.  (1883)  pp.  309>455  (12  flgn.  aud  4  pla.). 
t  Cf.  this  Journal,  ii.  (1882)  p.  351. 


ZOOLOQY  AND  BOTANY,   MIOROSOOPY,  ETC.  73 

ariBe,  as  there  is  every  reason  to  believe,  from  cellular  chains  closely 
related  to  algse  (just  as  Amphidinium  with  the  diatoms)  then  these 
peculiarities  added  to  the  organic  complication  of  the  genus  Poly- 
krikoB  furnished  with  an  integument  and  nematocysts,  would  contri- 
bute to  render  still  more  indistinct  the  otherwise  entirely  artificial 
line  between  Plants  and  Animals/' 

Hew  Choano-Flagellata.* — A.  C.  Stokes  describes  some  new 
species  of  W.  Saville  Kent's  order  of  Choano-Flagellata,  viz. 
MonoBiga  robusUJi^  M.  WoodicB,  M.  longipea^  Codosiga  dichotoma^  C, 
lomgipeSy  Salpingoeea  (icuminata. 

Anatomy  of  Sticholonche  zanclea.! — H.  Fol  gives  a  detailed 
aoooont  of  the  anatomy  of  this  Protozoon,  which  was  originally  dis- 
covered and  shortly  described  by  B.  Hertwig.  He  regards  it  as 
farming  a  special  order  of  Bhizopods  —  Taxopoda.  The  main 
features  of  its  organization  are  as  follows : — The  oval  body  is  covered 
extemaUy  by  a  firm  envelope,  to  which  are  attached  a  number  of 
hollow  spicules,  probably  chitinous,  with  a  slight  deposition  of  cal- 
careous salts ;  these  are  arranged  in  radiately  disposed  groups ;  the 
membrane  itself  appears  to  be  permeated  by  a  syst^  of  fine  tubules. 
The  body  is  composed  of  a  fine  granular  substance  in  which  are 
imbedded  a  vast  number  of  clear  spherical  globules ;  in  the  interior 
is  a  large  ''  reniform  body,"  covered  with  a  closely  set  array  of  rods, 
and  containing  in  its  interior  a  spherical  highly  refracting  body. 
There  are  no  true  pseudopodia,  but  a  series  of  "  arms,"  somewhat 
like  the  suckers  of  Acinetce,  attached  in  four  longitudinal  rows  to  the 
rods  of  the  reniform  body.  Thus  far  the  observations  are  mainly 
ocmfirmatory  of  those  of  Hertwig.  The  most  important  addition  to 
the  anatomy  of  this  protozoon  is  the  description  of  a  large  mass 
situated  on  the  concave  surface  of  the  reniform  body.  This  mass 
shows  two  distinct  forms,  always  seen  in  different  individuals,  (1)  a 
number  of  small  globules  which  pass  gradually  into  the  sarcode 
globules  of  the  body,  (2)  a  single  large  corpuscle  increasing  in  size 
with  the  growth  of  the  animal,  and  which,  when  it  has  arrived  at 
complete  maturity,  is  liberated  in  tlie  form  of  an  holotrichous  Infu- 
sorian.  This  body  was  observed  and  figured  by  Hertwig  in  certain 
Badiolarians  but  erroneously  described  as  a  nucleus,  and  since  the 
'*nnoleuB"  is  inclosed  within  the  central  capsule  in  these  Badio- 
larians, it  seems  to  be  proved  that  the  latter  cannot  correspond  to 
the  reniform  body  of  Sticholonche.  The  further  development  of  this 
infusoriform  body  was  watched,  and  it  appeared  finally  to  break 
up  into  a  number  of  minute  spores,  the  subsequent  fate  of  which 
could  not  be  traced.  The  hypothesis  at  once  suggests  itself  that  the 
two  kinds  of  individuals,  one  with  the  mass  of  globules,  the  other 
with  the  infusoriform  body,  are  of  dififerent  sexes,  but  all  attempts 
at  fertilization  failed.  Nothing  therefore  can  be  said  with  certainty 
oonoeming  the  relations  and  functions  of  these  different  structures, 
though  it  is  evident  that  the  latter  at  any  rate  are  connected  with 

♦  Amer.  Mod.  Micr.  Jouni..  iv.  (1883)  pp.  204-8  (6  figs.), 
t  M^m.  Instit.  Nat  Genevoie,  zv.  (1883)  pp.  3-35  (2  pis.). 
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the  reprodaotive  pioooBs ;  if  merely  pansiteB  their  canstent  preaenoe 
and  in  the  same  spofc  is  inexplicable.  A  comparison  with  other 
Bhizopods  affords  no  satisfiMstory  explanation  of  the  problematioal 
infosoriform  body,  though  it  possibly  corresponds  to  uie  gemmnles 
arising  within  the  central  capenle  by  which  many  Badiolarians  are 
propagated. 

The  following  is  M.  Fol's  diagnosis  of  this  genus : — 
''  Pseudopodia  in  four  rows.    Nudeiform  body  curved  in  the  form 
of  a  bean.    Membranous  envelope  of  interoroesed  tubular  fibres. 
Spines  in  the  form  of  pins  and  sabres,  arranged  in  diyergent  groups." 

Studies  on  the  Foraminifera.* — G.  Shacko  has  studied  some 
Orbulinad  from  Cape  Verde,  in  which  he  noticed  the  large  spheres 
which  Moseley  regarded  as  parasitic  algsa,  and  Lankester  as  oell- 
nudei ;  he  is  himself  inclined  to  regard  them  as  embryonic  chambers^ 
but  he  did  not  test  them  with  acids.  In  some  Orbulinad  from  the 
miocene  strata  of  Lapugy  he  found  the  shells  closely  coTered  by 
GlobigerinsB,  but  he  is  not  able  to  understand  exaoUy  what  their 
relations  to  one  another  were. 

A  study  of  the  embryos  of  PeneropUs  protetu  leads  him  to  think 
that  there  must  be  here  a  very  regular  constriction  of  the  protoplasm 
with  the  formation  of  nuclei,  or  else  a  very  regular  breiddng-up  of 
the  whole  of  the  sarcode,  such  as  is  seen  in  l^e  central  capsule  of  the 
Badiolaria. 

The  perforation  of  the  shell  of  Peneroplis  has  also  been  studied, 
and  the  impression  arrived  at  is  that  the  upper  layer  of  the  shell  was 
at  first  really  perforated,  and  that  later  on  this  perforation  disappeared, 
when  the  septal  surfaces  and  their  large  tubes  became  firmer. 

Deyelopment  of  Stylorhynohu8.t — A.  Schneider  finds  that  SHylO' 
rhynchus  passes  through  the  greater  number  of  its  developmental 
stages,  and  often  even  acquires  its  adult  structure  in  the  interior  of 
an  epithelial  cell  of  its  host.  The  same  epithelial  cell  contains 
several  developing  parasites.  The  young  is  at  first  similar  to  a 
coccidium ;  this  coocidium  buds  off  the  segment  which  will  answer  to 
the  deutomerite  of  the  adult,  then  the  protomerite,  and  finally  the 
neck.  The  primitive  body,  therefore,  minus  the  nucleus,  corresponds 
to  the  fixation  apparatus  of  the  adult.  The  nucleus  retains  its  original 
position  till  the  formation  of  the  protomerite,  when  it  descends  into 
the  deutomerite ;  and  the  cavity  of  the  rostrum  corresponds  to  the 
position  originally  occupied  by  tiiie  nucleus. 

*  Arch.  f.  Naturgesch.,  xlix.  (1883)  pp.  428-53  (2  pla). 
t  Comptes  BeDduB,  xcyii.  (1883)  p.  1151. 
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BOTANY. 

A*    OXNESAL,  including  Embryology  and  Histology 

of  the  PiLaneroganiia. 

Balations  of  Protoplasm  and  Cell-wall  in  the  Vegetable  CelL* — 
7.  O.  Bower  eonsiders  that  it  has  now  been  demonstrated  with  as 
mnoh  oertainty  as  is  possible,  by  the  use  of  microchemical  and 
stuning  reagents,  that  in  certain  cases,  the  number  of  which  is  now 
oonstantly  being  increased,  there  is  a  direct  connection  between  the 
protoplannic  bodies  on  opposite  sides  of  cell-walls,  and  that  this  con- 
neotioQ  is  established  by  means  of  fine  strings  of  protoplasm  which, 
in  the  cases  obseryed,  run  nearly  transyersely  through  the  walls. 
The  question  remains  whether  this  is  the  only  mode  of  permeation 
of  the  cell-wall  by  protoplasm.  The  author  cannot  accept  it  as 
proyed  as  yet  that  any  farther  permeation  of  the  cell-wall  by  pro- 
toplasm really  exists,  but  he  brings  forward  certain  grounds  for 
regarding  such  a  permeation  as  possible  or  even  probable,  taking  into 
aoooont  diiefly  those  phenomena  observed  in  free  cell-walls,  in  order 
thereby  to  ayoid  any  confusion  with  connecting  strings,  such  as  those 
■Ireadyproved  to  eziBt : — 

1.  The  strings  already  obseryed  yary  greatly  in  thickness,  from 
the  well-marked  to  the  undistinguishable ;  thus  we  have  eyidenoe  of 
the  existence  of  strings  which  would  probably  not  haye  been  re- 
ooffniaed  were  it  not  for  comparison  with  other  examples.  Further, 
it  has  been  shown,  in  the  author's  paper  on  plasmolysis,  that  pro- 
toplasm may  be  drawn  out  into  strings  so  fine  as  to  defy  definition, 
eyen  by  high  powers  of  the  Microscope ;  thus  there  can  be  no  objec- 
tion on  the  ground  of  the  small  size  of  the  hypothetical  strings  or 
lefcioiilum* 

2.  Those  cases  in  which  a  perforation  of  cell-walls  has  been 
demonstrated  are  those  yery  cases  in  which  a  most  efficient  physio- 
logical connection  is  required.  There  is  no  reason  why  a  less  obvious 
permeation  should  be  denied  where  the  requirements  are  less,  but  by 
no  means  absent. 

3.  There  is  a  priori  probability  of  some  form  of  permeation  of 
cell-wall  by  protoplasm,  if  Strasburger's  account  of  tiie  growth  of 
cell-walls  be  correct 

4;.  A  strong  argument  in  favour  of  such  general  permeation  of 
walls  by  protoplasm  is  found  in  the  existence  of  important  chemical 
dumges  in  the  substance  of  certain  cell-walls  at  points  at  a  consider- 
able  distance  from  the  main  protoplasmic  body,  e.  g.  formation  of 
eatioular  substance,  wax,  &c.,  which  differ  fandamentally  from  cellu- 
lose, are  insoluble  in  water,  and  are  apparently  formed  in  the  wall 
ilaelf.  The  tendency  of  recent  observations  is  to  show  more  and 
more  clearly  how  close  the  connection  of  protoplasm  with  the  im- 
portant chemical  changes  in  the  plant  is ;  thus  it  appears  probable 
that  protoplasm  is  present  in  some  form  or  other  in  the  cell-wall. 

*  Pkoe.  Brit  Aasoo.  Adv.  Soi.,  1883,  p.  581.  Of.  this  Journal,  Ui.  (1888) 
pp.  225,  524,  677. 
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Reasons  are  also  given  for  thinking  that  the  exposure  to  air  is  not 
an  important  factor  in  the  above  changes.  These  and  other  con- 
siderations show  that  though  this  permeation  of  the  wall  cannot  be 
accepted  as  proved  as  yet  in  any  one  case,  still  the  subject  deserves 
more  close  attention  than  it  has  yet  received,  while  it  may  be  expected 
that  the  application  of  new  methods  may  produce  definite  results 
bearing  on  this  very  important  question. 

Intercellular  Connection  of  Protoplasts.* — ^W.  Hillhouse  gives 
the  results  of  a  large  number  of  observations  to  prove  the  inter- 
cellular connection  of  protoplasm.  Out  of  twenty-two  plants  ex- 
amined, these  connections  were  only  found  in  the  cortical  tissue  of 
Ilex  Aquifolium  and  Msculus  hippocastnnum^  the  pulvinus  of  PnintM 
laurocerasuSy  and  the  winter  bud  pith  of  Acer  pseudopkUanug ;  he, 
however,  points  out  that  these  connections  aro  easily  broken  in 
preparation,  and  that  a  single  connection  between  a  number  of  cells 
would  be  sufficient  to  produce  a  perfect  unity  of  action.  His  con- 
clusions are : — 

1.  That  protoplasmic  threads  connecting  neighbouring  protoplasts 
are  present  in  such  widely  different  and  dififused  structures  as  sieve- 
tubes,  cortical  parenchyma,  leaf-pulvinus,  pith  of  resting  leaf-bud,  and 
endosperm  of  seeds. 

2.  That  in  the  contraction  of  the  protoplast  in  natural  plasmolysis 
these  threads  would  normally  remain  unbroken. 

3.  That  they  may  serve  to  transmit  impulses  from  one  cell  to 
another,  acting  in  this  way  somewhat  like  a  nervous  system. 

4.  That  besides  the  perforating  threads,  equally  widely  spread 
and  much  more  numerous,  are  threads  which  attach  the  protoplast  to 
the  cell- wall,  whether  at  the  base  of  pits  or  otherwise,  and  that  these 
threads  are  often  opposite  each  other. 

5.  That  the  closing  membrane  separating  two  threads  often  shows 
differentiation,  which  suggests  permeability,  if  not  *'  sieve-perforation." 

6.  That  in  the  contraction  of  the  protoplast  in  natural  plasmolysis 
these  threads  would  naturally  be  unbroken. 

7.  That  these  threads  may,  when  in  extension,  act  upon  the  cell- 
wall  and  put  it  in  a  state  of  slight  positive  tension. 

8.  That  the  presence  of  minute  perforations  communicating  from 
cavity  to  cavity  of  living  cells  would  not,  and  when  communicating 
with  the  intercellular  spaces  need  not,  be  a  hindrance  to  the  turgidity 
of  the  cells. 

Polyembryony  of  Trifolium  pratense.f — B.  Jonsson  describes 
a  case  of  polyembryony  in  the  common  red  clover.  He  regards  it 
as  arising,  not  from  the  presence  of  several  embryo-sacs,  but  from 
the  formation  of  more  than  one  ovum-cell  in  the  embryo-sac. 

Mechanical  Structure  of  PoUen-grains.^ — J.  Yesque  states  that 
pollen-grains  shrink  from  evaporation  of  water ;  those  of  a  spherical 

♦  Proc.  Brit.  Assoc.  AdV.  Soi.,  1883.    Cf.  Nature,  xxix.  (1883)  p.  582.    Of. 
this  Journal,  iii.  (1883)  p.  524. 

t  Bot  Notiser,  1883,  pp.  135-7.    See  Hot.  Centralbl.,  xvi.  (1883)  p.  171. 
X  Comptes  RcnduB,  xcvi.  (1883)  pp.  1684-6. 
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fbrm  sometimes  assuming  a  conyexo- concave  shape.  If  the  original 
form  is  maintained,  this  is  effected  by  longitudinal  ribs.  The  number 
of  pores  has  no  systematic  yalne ;  the  development  of  spines  and 
other  emergences  depends  on  the  law  of  the  greatest  economy  of 
space.  The  pores  are  so  arranged  that  at  least  one  always  comes  into 
contact  with  the  stigmatic  fluid.  When  there  is  only  one  pore,  this 
is  a  compensation  to  the  abandant  development  of  pollen  as  a  pro- 
tection against  self-fertilization. 

Pertilization    of  Philodendron.* — E.  Warming    describes  the 

phenomena  connected  with  the  fertilization  of  Philodendron  bipin- 

natifidum^  belonging   to   the  Araceas.      The   period  of  blossoming 

extends  over  from  34  to  36  hours ;  about  7  p.m.  on  the  first  day  a 

great  increase  in  temperature  takes  place  in  the  staminodes  and  male 

flowers,  to  the  extent  of  18  *  5^  0.  excess  over  that  of  the  surrounding 

air;  no  increase  of  temperature  takes  place  in  the  female  flowers; 

between  9  and  10  a.m.  the  next  morning  a  second  rise  takes  place  to 

the  extent  of  from  5°  to  7°.     About  noon  of  the  first  day  an  aromatic 

odour  is  perceptible,  and  towards  noon  of  the  second  day  there  is  an 

abandant  exudation  of  an  aromatic  sap.     The  anthers  open  between 

4  and  5  p.m.,  and  about  7  the  blossoming  is  at  an  end.     The  author 

considers  that  fertilization  is  effected  by  pollen  from  the  same  spike, 

carried  by  small  black  bees,  not  by  snails,  as  has  been  supposed. 

Pertilization  of  the  Prickly  Pear.f — Br.  B.  E.  Eunz^  sees  in  the 
irritable  stamens  of  Opuntia  vulgaris^  a  provision  for  securing  cross 
fertilization  by  insect  aid.  In  fair  weather  each  flower  opens  on  two 
successive  days.  Hive-bees,  flies,  and  humble-bees  were  seen  to  visit 
the  flowers  for  nectar,  in  obtaining  which  they  grasp  clusters  of 
stamens,  which,  when  released,  fly  up  against  the  pistil,  from  which 
they  slowly  recede  to  their  former  position.  Although  the  legs  of 
the  insects  were  covered  with  masses  of  pollen  after  visiting  a  flower, 
ihey  were  not  seen  to  creep  over  the  stigmas.  The  pollen-grains  are 
thOTefore  supposed  to  be  throvvn  between  the  stigmas  after  the  sudden 
movement  of  the  stamens  following  the  retreat  of  an  insect.  It  is 
hardly  necessary  to  add,  however,  that  crossing  is  well  effected  by  the 
insects  in  question,  the  motion  of  the  stamens  insuring  a  thorough 
dusting  of  tiieir  bodies  with  pollen. 

Annual  Development  of  Bast.}— C.  Hielscher  has  examined 
twentynsix  different  dicotyledonous  and  coniferous  trees  with  respect 
to  the  amount  of  fresh  bast  formed  each  year.  He  finds  that  it  does 
not  consist  of  such  well-marked  regularly  recurring  zones  as  the  wood 
in  its  annual  rings.  The  primary  bast  always  consists  of  both  hard 
and  soft  bast ;  the  secondiury  bast,  formed  every  year,  has  usually  the 
iune  composition,  though  in  some  cases,  as  Alnua  and  Fagus,  after  the 
seoond  year  soft  bast  oidy  is  developed.  The  amount  of  bast  produced 
annually  consists  of  three  or  more  tangential  rows  of  soft  bast-cells. 

♦  Eogler's  Bot  Jahrb.,  iv.  (1883)  pp.  828-40.  See  Bot  Centralbl.,  xv.  (1883) 
p.  878. 

t  BoU.  Toney  Bot.  Club.  x.  (1883)  pp.  79-81.    Cf.  Science,  ii.  (1883)  p.  881. 
X  AbhandL  Natorf.  Gesell.  Halle,  xyi.  pp.  113-39. 
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Independently  of  the  layers,  probably  fonctionlesfli  which  lie  above 
the  cork,  the  number  of  sones  of  actire  bast  is  only  small.  The 
increase  amounts  at  most  to  1/5,  usually  to  not  more  than  from 
1/10  to  1/20  of  the  total  increase  of  the  wood. 

In  order  to  distinguish  between  hard  and  soft  bast  the  author 
employs  anilin  sulphate,  which  stains  yellow  the  elements  of  tha 
hai^  bast  only.  The  hard  bast  appears  to  be  formed  first  out  of  tha 
cambium.  On  each  ring  of  wood,  two  sones  of  bast  are  often  formed 
annually,  but  one  only,  or  more  than  two,  are  not  uncommon.  In 
the  older  stems  of  many  plants  the  formation  of  groups  of  scLeren* 
chymatous  cells  in  addition  to  bast*fibres  is  frequent 

Lentioels  and  the  mode  of  their  replacement  in  some  woody 
tissues.* — H.  Elebahn  adopts  Stahl's  classification  of  the  lenticels  oi 
dicotyledons  and  conifers  under  two  types,  viz : — (1)  those  composed 
of  loose  cork-cells  with  denser  intermediate  strife,  and  (2)those  with 
dosely  packed  cork-cells  without  intermediate  strisd.  The  former 
kind  occur  in  Sophora^  Bcibinia,  Alnus^  BetuUi^  OrakBoui^  Sorbni^ 
Pruntu^  and  JEseulua ;  the  latter  in  Qingko  {Salubwria\^  Skmbucuaf 
Lonicera,  Euonymua,  Comua^  Saiix,  Myrica,  and  AmpdopstB,  In  both 
cases  he  regards  the  function  of  the  lentioels  to  be  as  organs  of 
aeration,  to  promote  both  the  interchange  of  gases  and  transpiration. 

The  author  then  investigates  by  what  means  this  frmction  is  per- 
formed in  those  climbing  shrubs  which  are  destitute  of  lentioels,  and 
finds,  in  all  cases,  in  the  medullary  rays,  a  number  of  parallel  inter- 
cellular spaces  running  in  a  radial  direction  through  the  wood,  cam- 
bium, and  cortex.  They  are  in  communication  witi^  the  intercellular 
spaces  of  the  wood  on  the  one  hand  and  of  the  primary  cortex  on  the 
other  hand,  and  form  a  very  efficient  system  of  aeration  for  the  wood. 

Oum-cells  of  Cereals.t — Johannsen  objects  to  the  term  ^  gum- 
oells  "  {KleberzeUen)f  applied  by  Hartig  to  certain  cells  in  the  grains 
of  cereaLs.  On  examining  thin  sections  which  had  been  preserved  for 
years  in  alcohol,  he  found  in  these  cells  a  very  evident  protoplasmic 
network  or  system  of  chambers,  the  contents  of  which,  probably 
drops  of  oil,  were  soluble  in  alcohol.  Sections  of  dry  grains  of  wheat, 
rye,  and  barley  examined  in  water  show  in  these  cells  numerous 
round  strongly  refringent  bodies  of  nearly  uniform  size,  and  larger 
drops,  clearly  of  oiL  Both  are  stained  brown  by  osmic  acid,  but  only 
slowly  yellow  by  iodine-water.    They  consist  of  oiL  ' 

Separate  portions  of  the  protoplasmic  network  were  also  examined, 
the  meshes  of  which  were  nearly  as  large  as  the  smallest  drops  of  oil* 
Sometimes  they  are  also  stained  by  osmic  acid,  and  therefore  con- 
tain oil.  The  sections  were  heated  for  a  day  or  longer  with  absolute 
alcohol  containing  2  per  cent,  of  corrosive  sublimate,  when  nothing 
but  a  protoplasmic  network  was  always  left  behind,  coloured  by  iodine 
or  anilin-blue. 

Since  even  the  most  soluble  proteinaceous  substances  become 

*  Ber.  Deutsoh.  Bot  GeseU.,  i.  (1883)  pp.  113-21  (1  pi.), 
t  Meddel.  Boi  Foren.  Kjobenham,  1888.    See  Boi  Centralbl,  zy.  (1883) 
p.  805. 
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imoliible  on  treatment  with  aloohol  and  oonoBiTe  snblimate,  tbe 
author  considen  it  probable  that  the  "  ^om-cells "  do  not  contain 
aURuninoids,  bat  drops  of  oil  imbedded  in  a  protoplasmic  network, 
and  propoees  for  them  the  preferable  term  ^  oil-cells  "  (FeUzellen). 

Huoleni  in  Amylaceons  Wood-cells.* — B.  Sohorler  has  invest 
iigated  the  atmcture  of  the  nnclens  in  the  starch-containing  cells  of 
a  large  number  of  trees  and  shmbs  belonging  to  different  natural 
orden.  He  finds  a  nucleus  uniyersally  present  in  living  cells, 
although  of  so  delicate  a  nature  that  it  is  often  not  visible  except  by 
hardening  and  staining.  Its  form  is  originally  spherical  or  ellipsoidal ; 
bat  eoctemal  forces  subsequently  bring  about  a  great  variety  of  changes. 
The  size  also  varies  very  greatly ;  it  is  on  the  average  larger  in 
CfaniferiB  than  in  dicotyledons.  The  measurements  are  given  of  the 
naolei  in  a  great  number  of  species,  the  length  varying  from  8  to 
25*5  /a;  the  breadth  from  1*5  to  18*5  fi;  wUle  some  are  nearly  as 
broad  as  long,  in  others  the  length  is  ten  times  the  breadth.  The 
internal  diflferenoes  are  but  comparatively  small,  as  shown  by  the 
difBorent  degrees  in  which  pigments  are  taken  up.  One  or  more 
nucleoli  may  be  present,  and  a  nuclear  membrane  can  usually  be 
detected. 

Even  in  mature  wood-cells  the  nuclei  are  often  not  only  in  a  living 
condition,  but  are  even  capable  of  division.  The  nucleus  may  remain 
unchanged  so  lonff  as  starch  is  still  stored  up  in  the  cells.  In  the 
older  rings  of  wood  they  may  even  retain  their  vitality  for  a  period  of 
eighty-six  years  {Sorbus  torminalui)y  or  even  longer.  When  dead  the 
nuclens  does  not  necessarily  disappear,  it  may  become  disorganized 
by  a  complete  change  in  its  internal  structure,  exhibited  by  its  losing 
ito  granular  character  and  becoming  rigid,  frequently  in  consequence 
of  becoming  permeated  by  resin.  Such  nuclei,  of  a  dark  brown 
edoar,  have  been  found  in  the  110th  annual  ring  of  the  yew. 

Peeuliar  Stomata  in.  ConiferflB.t— K.  Wilhelm  describes  a  peculiar 
stmoture  of  the  stomata  in  the  leaves  of  Ahiea  pectinata^  the  outermost 
cavity  of  the  stoma  containing,  at  all  times  of  the  year,  a  number  of 
near^  black  patches  composed  of  a  great  quantity  of  minute  granules. 
The  particles  are  nearly  insoluble  in  cold,  but  very  soluble  in  hot 
alcohol,  and  are  of  the  nature  of  wax,  apparently  identical  with  that 
which  covers  the  surface  of  the  leaves.  Their  purpose  is  apparently 
to  hinder  transpiration.  This  peculiar  substance  appears  to  be 
invariably  present  in  the  stomata  of  Abies  pectinoAa^  and  in  many 
other  AbietmcflB  and  Oupressine»,  but  was  not  found  in  the  yew. 

Xoot-liairs.{ — ^F.  Schwara  publishes  an  exhaustive  account  of  the 
loot^iain  of  plants  in  their  morphological  and  physiological  relations. 
Although  it  is  possible  in  certain  cases  for  roots  to  absorb  nourish- 
ment from  the  soil  when  destitute  of  root-hairs,  yet  the  latter  are 
unqiieetionably  the  most  important  organs  lor  this  purpose.    The 

^  Jenainh.  Zeitachr.  f.  Naturw.,  xvi  (1883)  pp.  329-^7. 
t  Ber.  Dentaoh.  Bot  Gesell.*  i  (1883)  pp.  325-30. 

i  Untefs.  Bot  Inat  Tfibingen,  i.  (1888)  pp.  185-88  (I  pi.),  ^ee  Bot. 
OwtialbL,  XV.  0888)  p.  337. 
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increase  of  surface  broDgbt  about  by  root-hairs  as  compared  with  tiiat 
of  naked  roots  at  from  5  *  5  to  18  *  7. 

The  root-hair  has  a  constant  tendency  to  grow  in  a  downward 
vertical  direction ;  when  this  is  interfered  with  by  any  solid  body,  it 
grows  along  this  body  until  it  can  again  resume  its  original  direction. 
A  close  attachment  to  the  particles  of  soil  is  increased  by  the 
mucilaginous  character  of  the  outermost  cell-wall.  They  are  formed 
only  at  a  certain  distance  from  the  apex  of  the  root,  in  ordor  not  to 
interfere  with  the  hydrotropic  and  geotropio  movement  of  the  latter. 
The  external  condition  which  affects  more  than  any  other  the  forma- 
tion of  root-hairs  is  the  degree  of  moisture ;  too  little  and  too  much 
moisture  are  equally  unfavourable.  A  retardation  of  growth  from 
too  much  moisture  goes  along  with  a  reduction  of  the  amount  of  root- 
hairs  ;  a  retardation  of  growth  from  too  little  moisture  causes  a  local 
increase  of  root-hairs,  though  the  total  quantity  may  be  diminished. 

The  suppression  of  root-hairs  in  many  water-plants  is  not  due  to 
the  smaller  supply  of  oxygen,  but  to  other  causes  not  altogether 
known  at  present;  some  water-plants  form  root-hairs  abundantly 
when  their  roots  penetrate  into  mud  or  soil. 

Entire  suppression  of  the  root-hairs  occurs  in  only  comparatively 
few  plants,  not  connected  genetically,  but  related  only  in  tlieir  mode 
of  life.  They  are  nearly  or  altogether  purposeless  in  such  as  have  a 
very  abundant  supply  of  water,  as  many  bog-  and  water-plants,  like 
Butomus,  CalthOy  Euryale,  Lemna^  NymphoBa,  &o.,  and  in  those  which, 
owing  to  their  very  small  power  of  transpiration,  require  but  very 
little  water,  as  many  Coniferse,  Agave^  J^JuBnix,  d^c,  from  which  they 
are  altogether  absent.  They  occur,  however,  in  some  succulent  plants, 
as  CrassulacesB  and  Cactaceas ;  in  the  bulbous  and  tuberous  Liliaoee 
they  are  present  or  absent  according  to  their  habit.  Parasites  usually 
have  root-hairs  when  they  also  have  the  power  of  growing  inde- 
pendently, as  Euphrasia  and  Mdampyrum ;  Ekinanihus^  parasitic  on 
the  roots  of  grass,  is  destitute  of  them ;  many  saprophytes,  as  itfono- 
tropa^  Neottia,  and  Orobanche,  are  entirely  wanting  in  root-hairs. 

A  great  increase  in  the  quantity  of  root-hairs  may  take  place  for 
a  specie  purpose,  and  organs  of  different  value  morphologically  may 
become  covered  with  them.  They  occur,  for  example,  on  the  ooleo« 
rhiza  of  Myrtaceas,  Scabiosa  atropurpurea^  and  some  grasses,  for  the 
purpose  of  fixing  the  seedling  firmly  in  the  soil.  In  Psihtum  trtque- 
trum,  OoraUorhiza  innata,  and  Epipogon  Omelinij  they  are  produced 
on  the  cauline  organs,  which  perform  the  function  of  roots. 

The  root-hair  is  almost  always  simply  an  outgrowth  of  an  epi- 
dermal cell.  In  exceptional  cases  the  mother-cell  subsequently 
forms  a  sheath  round  it,  as  in  the  prothallium  of  AhophUa  awiraUi 
and  Aspidium  mollA.  They  are  developed  acropetally  without  any 
definite  arrangement;  rarely,  as  in  Nuphar,  Elodea^  &c.,  they  arise 
out  of  cells  already  formed.  Their  form  does  not  vary  greatly, 
though  they  are  to  a  certain  extent  affected  by  external  circumstances, 
contact,  food-supply,  &c.  They  may  occasionally  branch,  and  even 
twine.  The  longest  root-hairs  observed  by  the  author  were  those  of 
the  MarchantiaceaB,  18  mm.,  Trianea^  8  mm.,  Potamogeton^  5  mm.,  and 
Ehdea,  4  mm. 
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Bieve-tnbes  of  Cnourbita.* — According  to  A.  Fiflcher,  a  transrerse 
•eotion  ci  an  intemode  of  Cueurbita  shows  two  systems  of  sieye-tabes, 
one  belonging  to  the  yascnlar  bundles,  and  the  other  situated  within 
the  sclerenohymatonB  ring  so  characteristic  of  the  Oucnrbitaceie, 
which  lies  beneath  the  singly  developed  collenchymatons  tissue. 
This  occurrence  of  sieve-tubes  in  the  coitex  is,  as  far  as  is  at  present 
known,  entirely  confined  to  this  order.  The  sieye-tubes  of  the 
separate  yascnlar  bundles  are  united  into  one  system  with  one  another 
aiul  with  those  of  the  cortex  for  the  conveyance  of  nitrogenous 
formative  materials,  by  fine  transverse  uniting  strings  which  press 
ihioagh  the  fandamental  tissue.  On  the  other  hand  the  peripheral 
■ieve-tubes  can  only  be  in  communication  with  this  system  through 
the  nodes,  as  no  uniting  strings  have  been  observed  to  pass  through 
the  flderenchymatous  ring,  wliich  is  closed  on  all  sides. 

Spines  of  the  Aurantiace8B.t — J*  Urban  has  investigated  the 
morpnological  value  of  the  spines,  which  occur  singly  or  in  pairs,  in 
the  axils  of  the  leaves  of  many  but  not  all  AurantiacesB,  and  which 
have  been  generally  regarded  as  metamorphosed  axillary  shoots. 
From  comparison  with  unarmed  species,  and  from  the  history  of 
development,  Urban  regards  them,  on  tiiie  contrary,  as  the  meta- 
morphosed lowermost  leaves  of  the  primary  axillary  shoot.  Inter- 
mediate forms  are  exhibited  by  some  species  of  Citrus. 

Tubers  of  Myrmeoodia  echinata.:t — M.  Treub  describes  the  re- 
markable tuberous  stem  of  the  epiphytal  Bnbiaceous  genera  Myrmecodia 
and  Hydnophytumj  which  are  permeated  by  passages  inhabited  by 
immense  numbers  of  ants.  He  states  that  the  passages  are  not 
bonowed  by  the  ants,  but  are  formed  by  the  disappearance  of  cells 
which  become  entirely  enveloped  in  layers  of  cork.  Their  object  is 
not  to  protect  the  colonies  of  ants,  or  to  supply  them  with  food,  but 
rather  to  facilitate  communication  between  the  inclosed  airnspaces 
and  the  external  atmosphere. 

Chlorophyll-grains,  their  Chemical,  Morj^hological,  and  Bio- 
lo^oal  ]ratiire.§ — A.  Meyer  continues  his  previous  investigations  on 
ihiB  snbjectll 

He  expresses  a  strong  opinion  against  the  chlorophyll-grains 
being  surrounded  by  a  membrane.  Where  a  denser  portion  becomes 
■epaiated  on  contact  with  water,  this  must  not  be  regarded  as 
originally  present ;  for  if  so,  it  would  become  thinner  by  the  swelling 
of  the  surrounding  protoplasm,  or  by  tensions  resulting  from  endos- 
moiie  action,  which  is  not  the  case.  Pringsheim's  Hpochlor  and 
hypochlorin  he  regards  as  still  hypothetical. 

Observations  on  Acanthe^hippium  and  Atphodelus  show  that  the 

^  Ber.  Deatsoh.  Bot.  Gesell.,  i.  (1883)  pp.  276-9. 

tlMd.,  pp.  813-0(1  pi.). 

)  Ann.  Jaxd.  Bot  Bmtenzorg,  iii.  pp.  129-60  (5  pis.).  See  Bot.  Oentr&lbl, 
Z?L  0883)  p.  108. 

I  Merer,  A.  'Das  Chlorophyll-korn,  in  chemiacher,  morphologischer,  u. 
Uologiioner  Benehung '  (3  pis.).  Leipzig,  1883.  See  Bot  Centralbl.,  xv.  (1883) 
pw882. 

I  See  thia  Joonial,  iii.  (1883)  p.  239. 

Ber.  2.— Vol.  IV.  a 
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antoplast  of  the  cliloropliyll-gTainB  consists  of  a  light-colonred  matrix 
in  which  are  imbedded  green  grains.  The  phenomena  of  swelling  and 
other  reactions  are  explained  by  the  following  hypothesis : — Every 
grain  contains  an  invisible  inclosed  substance  soluble  in  water ;  the 
solution  of  this  stretches  the  framework,  which  swells  at  the  same 
time,  and  which  forms  a  relatively  dense  envelope  around  the  inclosed 
substance.  The  oily  substances  inclosed,  he  determined  not  to 
consist  of  a  fixed  (fatty)  oil. 

In  the  passage  of  autoplasts  into  anaplasts  and  chromoplasts, 
chemical  and  morphological  differences  are  observable.  The  former  are 
shown  by  the  different  behaviour  towards  reagents ;  the  latter  consist 
of  a  change  in  the  structure,  size,  and  mass  of  the  trophoplast. 

The  form  of  the  trophoplast  is  altered  first  of  all  by  foreign  bodies 
which  grow  in  or  on  it.  The  autoplasts  of  many  plants  also  undergo 
a  change  of  form  under  the  influence  of  rays  of  light.  The  position 
of  the  trophoplasts  within  the  cells  is  also  not  fixed,  light  and 
gravitation  causing  variations  in  this  respect. 

From  the  investigation  of  starch-grains  in  parenchjrma-oells  of 
colourless  stems,  petals,  fruits,  seeds,  and  scales,  the  author  draws 
the  conclusion  that  wherever  starch-grains  occur,  trophoplasts  are 
also  present,  in  or  on  which  the  starch-grains  grow.  The  viridescenoe 
of  ordinarily  colourless  parts  of  plants  always  depends  on  the  trans- 
formation into  autoplasts  of  anaplasts  already  present  in  the  colour- 
less cells.  Wherever  looked  for,  in  parenchyma-cells,  epidermal  cells, 
sclerenchymatous  cells,  and  sieve-tubes,  ihe  author  always  found 
trophoplasts. 

In  all  cases  where  chlorophyll-grains  are  formed  by  the  investment 
of  starch-grains  with  viridescent  protoplasm,  the  first  stage  is  always 
the  formation  of  trophoplasts.  Observations  on  the  development  of 
the  autoplasts  of  Allium  Cepa  and  Elodea  led  to  the  conclusion  that 
trophoplasts  never  arise  from  a  differentiation  of  the  protoplasm ;  but 
that  they  always  multiply  by  division,  and,  with  the  protoplasm  in 
which  they  are  imbedded,  always  pass  in  a  young  and  small  condition 
into  the  daughter-cells  on  the  division  of  a  meristem-cell ;  there  they 
increase  further  by  division,  grow  with  the  cell  either  into  anaplasts 
or  into  autoplasts  and  chromoplasts,  and  usually  disappear  wiUi  the 
death  of  the  cell. 

Mechanism  of  the  Splitting  of  Legnmes.* — According  to  0. 
Steinbrinck,  the  splitting  of  legtmies  is  chiefly  the  result  of  hygro- 
scopic tensions  between  the  ligneous  layer  and  the  outer  epidermis, 
alone  or  together  with  the  hypoderm.  These  tensions  are  caused  not 
only  by  the  greater  capacity  of  the  ligneous  layer  for  swelling,  but 
depend  essentially  on  the  cross  position  of  the  cells  of  both  tissues, 
which  contract  more  in  the  transverse  than  in  the  longitudinal 
direction.  This  difference  of  contraction  being  greatest  in  £e  direc- 
tion of  the  tangential  transverse  diameter  of  the  ligneous  fibres,  these 
bring  about  a  spiral  curving  inwards  of  both  valves  of  the  legnme, 
which  causes  them  eventually  to  spring  asunder.    In  the  different 

'^  Ber.  Deniai^h.  Bot  OescU ,  i.  (1883)  pp.  270-5. 
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genera  and  species  this  curvature  is  more  or  less  strengthened  by  the 
capacity  for  swelling  of  the  masses  of  cellulose  in  the  ligneous  layer 
increasing  more  or  less  from  the  outside  inwards. 

Aerial  Vegetative  Organs  of  Orchidese  in  relation  to  their 
Habitat  and  Climate.* — An  examination  of  the  structure  of  a  large 
number  of  both  native  and  tropical  Orchidead  leads  P.  Eruger  to  the 
following  general  conclusions  on  this  subject: — Starting  from  the 
natiye  species,  there  may  be  seen,  both  in  the  foliar  and  axial  organs, 
a  aeries  of  gradual  variations,  which  increase  in  importance  as  the 
dimatio  conditions  of  the  species  vary  from  ours.  In  one  group  of 
tropical  orchids  the  original  herbaceous  habit  is  still  maintained; 
while  contrivances  to  suit  other  conditions  are  perfected  in  changes  in 
ihe  parenchyma,  having  for  their  purpose  the  absorption  of  the  water 
necessary  for  the  plant,  and  protection  from  transpiration.  In  a 
farther  stage  the  herbaceous  form  is  abandoned  as  unsuitable,  and 
the  succulent  form  assumed ;  while  in  a  third  type  the  development 
of  a  mechanically  firm  and  resistant  system  strengthens  the  epidermal 
tissne,  or  assists  in  the  formation  of  special  receptacles  for  water,  or  a 
combination  of  the  two  means.  All  these  changes  are  accompanied 
by  corresponding  changes  in  the  cuticle,  having  for  their  object  the 
diminution  of  transpiration  in  tropical  orchids. 

Assimilation  of  Carbonic  Acid  by  Protoplasm  which  does  not 
contain  ChlorophylLt — By  experiments  on  Penicillium  glattcunif 
J.  Beinke  finds  that  all  the  carbon-acids  tested,  with  the  exception 
of  carbonic,  formic,  and  oxalic  acids,  are  of  equal  value  for  its 
nutrition,  but  are  useful  only  when  in  combination  with  bases.  The 
methyl-group  can  in  many  cases  supply  the  fungus  with  carbon ;  as 
also  can  the  group  Cs  Hq.  Before  it  becomes  serviceable  to  the  plant, 
the  carbon  of  the  acids  must  apparently  enter  into  combination  with 
hydrogen,  in  consequence  of  a  process  of  reduction  brought  about  by 
the  assistance  of  water,  and  by  means  of  protoplasm. 

Artificial  Influences  on  Internal  Causes  of  Ghrowth.t — E.  Wollny 
points  out  that  the  reason  why  the  secondary  shoots  of  woody  plants 
grow  more  rapidly  when  the  main  stem  is  decapitated,  is  not  merely 
that  they  receive  a  better  supply  of  nourishment,  but  that  the  con- 
ditions of  the  soil  are  altered  through  greater  access  of  moisture 
and  warmth.  The  popular  idea  that  vegetation  keeps  the  ground 
moist  is  exactly  the  reverse  of  the  truth. 

Absorption  of  Food  by  the  Leaves  of  prosera.§— By  a  series  of 
experiments,  M.  Bfisgen  has  confirmed  in  a  very  striking  manner 
the  observations  of  Bees  and  Darwin  as  to  the  capacity  of  Drosera 
folwmdi/olia  for  absorbing  nutriment  through  the  leaf.  The  number 
of  inflorescences  and  capsules  was  found  to  average  very  much  higher 
(from  three  to  five  times  as  many),  when  the  leaves  were  fed  with 

•  Flora,  Irvi  (1883)  pp.  435-43,  451-9,  467-77,  499-510.  515-24  (2  pU). 
t  Beinke's  XJoten.  Lab.  Gottingen,  Heft  3.    See  Bot.  Ztg.,  xli.  (1883)  p.  551. 
i  WoUnv's  Forsoh.  Geb.  Agrikulturphysik,  vi.  (1883)  pp.  97-134.     See  Biol. 
OmtnlbL,  iii.  (1883)  p.  385. 

§  Bot.  Ztg.,  zli.  G^)  PP*  569-77,  585-94. 
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infeota,  oompared  with  ihoee  not  so  fed  under  liniilar  euremnttaiioes, 
eyen  when  «n  abondftnt  rapply  of  a  nntrieot  fluid  wae  fnmifllied  to 
their  roots. 

Meohanioal  Action  of  Light  on  Flnnti.*— F.  Oohn  has  inyeiti- 

gated  not  so  mnoh  the  oanse  of  the  apparently  spontaneona  moremsnfti 
of  the  lower  plants  and  of  animals,  as  the  foroes  whioh  indnoe  those 
movements  to  assnme  certain  definite  directions. 

Non-chlorophyllaoooos  organisms,  snoh  as  monads  and  the  loo- 
spores  of  f nngi,  moye  freely  in  eyery  direction  indifferently  in  refer- 
ence to  the  incidence  of  the  rays  of  lightf  Diatoms  and  OsciUarieSi 
oolonred  reepectiyely  by  pbseophyll  and  phycochrome^  always  prefer 
light  to  darkness,  and  accamolate  therefore  on  the  snrfece  of  the 
water.  When  the  field  is  equally  illuminated  in  all  direotionsi  diatoms 
are  distributed  uniformly  through  the  water,  and  OsdUarien  radiate 
equally  in  all  directions.  Green  microscopic  organisms  which  contain 
chlorophyll,  such  as  Euglenece,  YolvocineflB,  and  the  zoospores  of  most 
algsB,  always  display  a  certain  polarity,  one  end  being  destitute  of 
chlorophyll  and  usually  provided  with  cilia  and  a  red  ^  eye-spot^''  and 
being  also  more  pointed  in  comparison  to  the  other  end,  which  is 
coloured  a  deep  green.  The  pointed  end  is  always  the  anterior  end 
in  the  ** swarming"  motion;  and  this  advancing  motion  is  always 
accompanied  by  a  rotating  movement  round  the  longitudinal  axis 
which  passes  through  the  two  ends ;  the  direction  of  this  rotation 
yaries  in  different  organisms.  A  number  of  experiments  undertaken 
by  Cohn  show  that  when  the  direction  of  the  incidence  of  the  light  on 
the  field  of  view  is  made  to  vary,  the  direction  of  the  motion  of  these 
green  organisms  varies  with  it ;  they  always  seek  light  and  avoid  dark- 
ness. But  it  is  a  remarkable  fact  in  connection  with  this,  that  it  is  the 
direction  rather  than  the  intensity  of  the  light  that  seems  to  influence 
them  ;  as  is  seen  when  the  light  is  reflected  on  to  the  field  of  view  from 
a  mirror.  Reflected  light  appears  to  have  no  more  effect  in  influencing 
the  direction  of  their  movements  than  absolute  darkness.  Experiments 
with  coloured  glasses  show  that  it  is  only  the  more  refrangible 
actinic  rays  which  have  this  effect  on  the  movements  of  minute 
organisms  ;  the  less  refrangible,  which  have  no  chemical  action,  have 
also  no  effect  of  this  kind.  A  few  exceptional  organisms  display  a 
power  of  motion  in  the  opposite  to  the  ordinary  direction. 

A  comparison  of  these  movements  with  those  of  artificial  euglenas 
which  are  made  to  evolve  carbon  dioxide  from  one  end,  shows  that  the 
direction  of  the  movement  is  dependent  on  the  decomposition  of  carbon 
dioxide  by  the  aid  of  the  organism  which  contains  chlorophyll,  and 
hence  on  its  polarity. 

These  movements  of  green  swarm-spores  and  similar  bodies  are 
compared  by  the  author  with  the  phototonio  movements  of  the  organs 
of  plants,  on  which  many  observations  have  recently  been  made, 
especially  by  Stahl.^ 

*  JB.  BohleB.  GtiMll.  Vaterl.  Colt..  1888,  pp.  179-85. 

t  With  the  exoeptioD,  however,  of  bactena,  m  shown  by  iCngAlm^nT^,    gee 
this  Jounial,  ii.  (1882)  pp.  380,  656;  iu.  (1883)  p.  256. 
I  Bee  this  Joarnal,  li.  (1882)  p.  878. 
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Aetion  of  fhe  Amount  of  Heat  and  of  Mazimnm  Temperatore  on 
the  Opening  of  Flowen.* — W.  yon  Yogel  states,  as  the  results  of  a 
series  of  experiments,  that  the  mazimnm  temperature  of  the  day  has 
seren  times  greater  inflaenoe  on  the  opening  of  flowers  than  the 
ayerage  daily  temperature.  The  mode  of  obtaining  this  result  is 
detailed  in  the  paper. 

of  Vegetable  Tissues  towards  Oases-t — J.  Boehm 
an  apparatuis  which  he  has  contriyed  for  the  purpose  of 
testing  the  yariations,  under  different  conditions,  in  the  absorption  of 
gases  by  yegetable  tissues,  by  starch,  and  by  coal.  One  of  the  most 
interesting  of  his  conclusions  is  that  the  cell-wall  is  more  permeable 
for  oxygen  than  for  nitrogen.  Dry  filings  of  wood  and  of  starch- 
grains  absorb  four  or  fiye  times  their  weight  of  carbonio  acid, 
while  cork  absorbs  comparatiyely  little.  Garbonic  acid,  oxygen,  and 
hydrogen  all  become  compressed  in  closed  cells,  owing  to  their  greater 
dmiisibility  as  compared  to  nitrogen. 

Influence  of  External  Pressure  on  the  Absorption  of  Water  hj 
Boots.^ — J.  Yesque  has  carried  out  a  series  of  experiments  on  this 
snlgect,  chiefly  on  two  plants,  one  woody,  the  oleander,  and  the  other 
herbaceous,  the  garden  bean.  The  following  is  a  summary  of  the 
lesults  arriyed  at: — 

1.  The  absorption  of  water  by  the  roots  of  the  oleander  depends  on 
external  pressure ;  it  seems  to  augment  in  proportion  to  the  difference 
between  hie  external  pressure  and  that  of  the  air  contained  in  the 
woody  mass  of  the  root 

2.  Osmose  does  not  appear  to  be  always  yery  active ;  for,  in 
diminishing  the  atmospheric  pressure  to  about  60  cm.  of  water, 
absorption  is  arrested. 

8.  In  the  conditions  of  the  experiments  the  pressure  of  the  internal 
air  is  not  yery  different  from  that  of  the  atmosphere.  It  is  mostly 
less  from  zero  to  9  cm.  of  mercury ;  in  one  instance  only  did  the 
internal  pressure  exceed  that  of  the  atmosphere  by  1  cm.  of  mercury. 

4.  The  effect  of  pressure  on  the  oleander  is  sufficient  for  a  sudden 
diange  of  barometric  pressure  to  cause  a  sensible  disturbance  in  the 
absorption  of  water  by  the  roots. 

5.  The  garden  bean  was  much  less  influenced  by  external  pressure, 
as  respects  the  absorption  of  water  by  the  roots,  than  the  oleander. 
There  certainly  is  some  influence,  but  it  is  ordinarily  imperceptible 
among  fluctuations  resulting  from  changes  of  transpiration  or  from 
other  secondary  causes. 

Contrivanoes  for  the  Erect  Habit  of  Plants,  and  Influences  of 
Transpiration  on  tiie  Absorption  of  Water.§ — Y.  Meschayeff  does  not 
agree  with  Schwendener's  yiew  that  there  is  a  special  tissue-system  for 
l£e  purpose  of  maintaining  organs  in  an  erect  condition ;  he  considers, 

*  Bull.  8oc.  Imp.  Nat  Moecou,  Iviii.  (1883)  pp.  1-13.  See  Boi  GentralU., 
vrl  (1888)  p.  145. 

t  Boi.  Ztg^  xli.  (1883)  pp.  521-6,  537-50,  553-9. 

JOMnptes  Bendus,  xcvii.  (1883)  pp.  718-20. 
BaU.  Boo.  Imp.  Nat  Mofloou,  1883,  pp.  299-322. 
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on  the  contrary,  that  all  the  different  tissues  may  be  adapted  to  this 
special  purpose. 

The  process  of  the  absorption  of  water  he  explains  as  follows : — 
Transpiration  attracts,  so  to  speak,  upwards  the  osmotic  force,  which 
is  met  by  the  flow  of  sap  from  all  the  neighbonring  parts  of  the  stem, 
especially  in  the  elongated  elements.  The  diminntion  of  pressure  which 
results  brings  into  play  from  below  the  turgidity  of  the  stem  and  the 
elasticity  of  the  cortex ;  this  causes  increased  activity  in  the  root,  which 
brings  about  an  accumulation  of  water  in  the  lower  parts  of  the  plant 
and  an  increased  eleyation  of  the  sap.  Capillarity  and  air-pressure 
play  only  a  secondary  part. 

Sap.* — J.  Attfield  gives  an  account  of  observations  made  on  sap 
exading  from  a  wounded  silver  birch  tree.  A  branch  7  inches  in 
diameter,  had  been  lopped  off  a  tree  39  ft.  high,  about  10  ft.  from  the 
ground,  before  the  leaves  had  expanded,  leaving  a  wound  about  an 
inch  in  diameter,  from  which  sap  dropped.  A  bottle  was  suspended 
so  as  to  catch  the  sap,  and  from  observations  it  was  found  that  the 
flow  was  apparently  faster  in  sunshine  than  in  the  shade,  and  by  day 
than  by  night,  and  altogether  amounted  to  about  5  litres  a  day ;  this 
had  been  running  for  15  days,  but  how  long  it  would  continue  is  un- 
certain. The  sap  was  clear  and  bright,  sp.  gr.  1  *  005,  had  a  faintly 
sweet  taste  and  a  slightly  aromatic  odour.  After  12  hours  it  deposited 
a  trace  of  a  sediment,  which,  when  examined  microscopically,  was 
found  to  consist  of  parenchymatous  cells  and  a  few  so-Ksalled  sphere- 
crystals.  The  liquid  contained  99  per  cent,  water  and  1  per  cent, 
solid  matter,  which  was  composed  mainly  of  sugar,  91  per  cent,  the 
other  constituents  being  ammonium  salts,  albuminoids,  nitrates, 
phosphates,  and  organic  salts  of  calcium  and  magnesium,  mucilage, 
and  traces  of  nitrites  and  potassium  salts.  It  had  cadcium  and 
magnesium  salts  in  solution  equal  to  25  degrees  of  total  permanent 
hardness.  It  contained  a  ferment  capable  of  converting  starch  into 
sugar,  and  when  exposed  to  the  air,  it  soon  teemed  with  bacteria,  the 
sugar  being  changed  into  alcohol. 

Solid  Figments  in  the  Cell-sap.t — The  petals  of  flowers  are  iu 
more  often  coloured  by  a  pigment  soluble  in  the  cellnsap  than  by  one 
in  a  solid  granular  form.  Of  200  species  examined  by  P.  Fritsch, 
only  SO  contained  solid  pigments  in  the  cells  either  of  the  petals  or 
of  the  fruits. 

Far  the  most  common  of  these  solid  pigments  is  yellow,  much  the 
greater  number  of  yellow  flowers,  including  nearly  all  yellow  Gom- 
positaa,  being  indebted  for  their  colour  to  substances  of  this  nature. 
Exceptional  instances  of  soluble  yellow  pigments  occur  in  the  petals 
of  Dahlia  variahiliSf  Althaea  Sieheri,  and  Tagetes,  and  in  the  hairs  of  a 
good  many  species.  Solid  yellow  pigments  are  ^escribed  in  Impaliem 
longieamu,  where  they  vary  greatly  in  size  and  form,  TrapcBolum 
majusy  where  the  various  shades  of  colour  in  the  flower  are  due  to  a 

♦  Pharm.  J.  Trans.,  xiii.  (1883)  pp.  819-20.    Of.  Joum.  Ohem.  Soc— Abrtr., 
xliv.  (1883)  pp.  1164-5. 

t  Pringsheim'a  Jahrb.  Wise.  Bot.,  xi?.  (1883)  pp.  185-231  (3  pis.). 
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sabstanoe  of  this  descnription  imbedded  in  a  brown  cell-sap,  (Enothera 
IfieimUf  Cerinihe  aspera^  Calendula  officinalis,  Tagetes  glandulifera^ 
Viola  tricolor,  Budbeckia  ladniata.  Digitalis  ambigua,  and  Salpiglossia 
variabilis.  The  particles  of  the  pigment  are  often  in  a  state  of  actiye 
molecolar  moyement ;  they  are  always  coloured  green  by  iodine,  and 
are  soluble  in  concentrated  sulphuric  acid  with  a  deep  blue  colour.  In 
some  other  chemical  reactions  they  vary.  The  pigment  appears  to  be 
always  imbedded  in  a  matrix  of  protoplasm. 

A  solid  red  pigment  was  observed  in  the  fruits  of  Bosa  canina^ 
Pfrus  aueuparia  and  Hostii,  ConvaUaria  majalis,  Bryonia  dioica,  and  in 
the  aril  of  Euontfmus  latifolius  and  europcms,  Oelastrus  candens  and 
ToKus  haccata. 

The  red  pigment  in  the  cortical  portion  of  the  root  of  the  carrot  is 
of  a  Tery  peculiar  kind,  resembling  long  pointed  crystals.  The  cells 
of  the  scarlet  berry  of  Arum  maculatum  contain  a  great  quantity  of 
minute  browniah-red  granules. 

Insoluble  yiolet  pigments  are  rare,  but  occur  in  Thunbergia  dlata 
and  Delphinium  bicolor ;  while  blue  granules  are  found  in  the  fruit  of 
VQmmum  Tinus.  Brown  insoluble  pigments  were  found  only  in  sea- 
weeds, Fueus  vesieuhsus  and  FurceUaria  fastigiata. 

The  deyelopment  of  the  coloured  granules  does  not  end  with  their 
acting  as  pigments ;  after  this  period  they  go  through  a  variety  of 
changes  of  development  or  degradation. 

Kovement  of  Sap  in  Plants  in  the  Tropics-  * — Observations  made 
in  Europe  show  that  the  activity  of  the  circulation  of  the  sap  has  two 
periods  of  maximum  in  the  24  hours,  one  in  the  morning,  the  other, 
less  pronounced,  in  the  afternoon.  Y.  Marcano  has  carried  on  a  series 
of  experiments  to  determine  whether  the  same  is  the  case  in  the 
tropics.  They  were  made  at  Caracas  in  Venezuela,  about  lOJ^^  N.  lai, 
at  a  height  of  869  metres  above  the  sea-level,  where  the  barometric 
pressure  scarcely  varies  from  1  to  2  mm.,  and  the  thermometer  not 
more  than  3°  in  the  24  hours.  The  plants  observed  were  Carica 
Papaya  and  a  liane.  By  means  of  a  manometer,  two  very  well  marked 
maxima  in  the  rapidity  of  the  movement  of  the  sap  were  detected,  the 
first  between  8  and  10  *  15  a.m.,  after  which  the  curve  rapidly  sinks 
to  lero,  remains  there  for  a  time,  and  then  rises,  between  1  and  3  p.m., 
to  a  much  smaller  height  than  in  the  morning,  sinking  then  again 
gradually  to  zero,  the  activity  commencing  again  after  sunrise. 

Exudation  from  Flowers  in  Relation  to  Honey-dew.  f — ^T.  Meehan 
refers  to  the  fact  that  standard  literature  continues  to  teach  that  the 
sweet  vamish-like  covering  often  found  over  every  leaf  on  large  trees, 
as  well  as  on  comparatively  small  bushes,  was  the  work  of  insects, 
notably  Aphide.  Dr.  Hoffinan,  of  Giessen,  who  in  1876  published 
a  paper  on  the  subject,  is  the  only  scientific  man  of  note  who  takes 
gromid  against  this  view.  He  met  with  a  camellia,  without  blossoms, 
ind  whoUy  free  from  insects,  and  yet  the  leaves  were  coated  with 
**  honey-dew."    He  found  this  substance  to  consist  of  a  sticky  colour- 

*  Gomptes  Bendas,  xcviL  (1883)  p.  340. 

t  Proc.  Acad.  Nat  Sci.  Philad.,  1883,  p.  190. 
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less  liquid,  haviiig  a  Bweetish  taste,  and  prinoipally  gam,  and  Hr. 
Meelian  hays  often  met  with  cases  where  no  insects  oould  be  fonnd, 
as  well  as  others  where  insects  were  nomeroos,  and  where  in  the 
latter  case,  the  attending  circumstances  were  strongly  in  &yoar  of  the 
conclusion  that  the  liquid  covering  was  the  work  of  insects.  He  con- 
siders that  few  scientific  men  haye  any  knowledge  of  the  enormous 
amount  of  liquid  exuded  by  flowers  at  the  time  of  opening,  and  ha 
has  seen  cases  where  the  leayee  were  as  completely  coyered  by 
the  liquid  from  the  flowers,  as  if  it  had  exuded  from  the  leaves,  as 
he  considers  Dr.  Hoffinan  had  good  grounds  for  belieying  is  often 
the  case. 

What  is  the  object  of  this  abundant  exudation  of  sweet  liquid  and 
liquid  of  other  chiuracter  from  leaves  and  flowers  ?  We  are  so  accus- 
tomed to  read  of  nectar  and  nectaries  in  connection  with  the  crosa* 
fertilization  of  flowers,  that  there  might  seem  to  be  no  room  for  any 
other  suggestion.  But  plants  like  Thuja  and  Abies  are  cmemo- 
philous,  and,  having  their  pollen  carried  freely  by  the  wind,  have  no 
need  for  these  extraordinary  exudations,  from  any  point  of  view  con- 
nected with  the  visits  of  insects  to  flowers.  In  the  case  of  Thuja^  Sachs 
has  suggested  another  use :  **  The  pollen-grains  which  happen  to  ISeJI  on 
the  opening  of  the  micropyle  of  the  ovules  are  retained  by  an  exuding 
drop  of  fluid,  which  about  this  time  fills  the  canal  of  the  micropyle,  bat 
afterwards  dries  up,  and  thus  draws  the  captured  pollen-grains  to  the 
nucelluB,  where  ihej  immediately  emit  their  pollen-tubes  into  its 
spongy  tissue.  In  the  Gupressineae,  Taxinesa,  and  Podocarpeie,  this 
contrivance  is  suf&cient,  since  the  micropyles  project  outwardly ;  in  the 
AbietineaB,  where  they  are  more  concealed  among  the  scales  and  bracts^ 
these  themselves  form,  at  the  time  of  pollination,  canals  and  channels 
for  this  purpose,  through  which  the  pollen-grains  arrive  at  the  micro- 
pylos  filled  with  fluid."* 

In  his  former  observations  on  liquid  exudation  in  Thuja  and  other 
plants,  Mr.  Meehan  was  inclined  to  adopt  the  suggestion  of  Sachs 
as  to  the  purpose  of  the  liquid  supply  ;  but  as  it  was  present  in  Abie§ 
so  long  after  fertilization  must  have  taken  place,  and  as  it  was  held 
up  in  the  deep  recesses  of  the  scales  of  the  pendent  cone,  where  it 
could  hardly  be  possible  the  wind  could  draw  up  the  pollen,  we 
must  look  for  other  reasons,  which,  however,  do  not  yet  seem  to  be 
apparent. 

Latex  of  the  Eaphorbiaoe8B.t — S.  Dietz  has  studied  the  composi- 
tion of  the  latex  of  various  plants,  especially  of  the  Euphorbiaoen. 
He  finds  almost  invariably  crystalliiie  substances  to  be  present  which 
crystallize  out  when  the  latex  is  made  to  coagulate  under  the  cover- 
glass.  In  the  EuphorbiacesQ  he  distinguishes  three  kinds  of  crystalliz- 
able  substances,  as  follows : — 

1.  SphsBrocrystals.  These  differ  in  their  mode  of  development 
from  any  hitherto  known.  In  the  coagulated  latex  of  the  Euphorbiaoead 

♦  Sachs'  *  Text-book  of  Botany,*  2nd  EngL  ed.,  1882,  p.  513. 
t  M.  Tud.  Akad.  Ertek.,  xiL  (1882)  23  pp.  (2  pis.).    Bee  Bot.  Oentralbl.,  xvi. 
(1883)  p.  132. 
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theie  ariee  separate  dense  spherioal  groups,  becoming  gradaallj  denser 
as  the  solyent  evaporates,  in  conseqaence  of  which,  when  crystalliza- 
tum  oommences,  an  empty  space  is  formed  in  the  interior  of  the 
■jduBrocrystaL  The  spheerocrystals  of  the  Eaphorbiaceas  are  organic 
in  their  nature,  and  all  belong  to  the  inulin  type.  They  occnr  in 
especially  large  nambers  in  the  coagulated  latex  of  Euphorbia 
9ple»den$f  kepUigonai  and  eroBa,  in  the  last  species  with  a  diameter  of 
0*8-l'0  mm.;  also,  less  developed,  in  axial  organs  of  the  two  first- 
named  species.  The  latter  differ  from  other  sphsBroorystals  in 
dtBBolying  in  glycerine  after  from  four  to  eight  weeks'  immersion. 

2.  Resin-crystals  were  found  in  the  latex  of  all  species  of  Euphor- 
biacen  examined,  belonging  to  the  cubical  system.  They  are  of  three 
kinds:  —  viz.  (1)  forming  angular  dendritic  groups;  (2^  groups 
consisting  evidently  of  closely  packed  separate  crystals ;  (3)  those 
which  occur  only  isolated. 

3.  Orystals  consisting  especially  of  potassium  and  calcium  malate. 
These  belong  mostly  to  the  rhombic  and  to  the  bi-  and  uniaxial 
^sterns.  True  crystals  of  salts  of  malic  acid  also  occur,  to  which  he 
gives  the  name  of  stellate  crystals. 

Crystalloids  in  Tropho^lasts,  and  Chromoplasts  of  Angio- 
sp«rms.* — Pursuing  his  previous  investigations  of  starch-generators 
or  trophoplasts,!  A.  Meyer  has  come  to  the  conclusion  that  the 
bodies  described  by  Schmitz  in  algsB  under  the  name  of  pyrenoids } 
are  identical  with  the  crystalloids  of  proteinaceoas  substances  which 
frequently  occur  in  the  fusiform  trophoplasts  of  many  flowering  plants. 
They  differ  frt)m  the  protoplasm  in  having  no  framework  or  plastin. 
The  crystalloids  of  Phajus  swell  and  dissolve  with  greater  or  less 
readiness  in  water ;  they  are  completely  soluble  in  solution  of  chloral 
hydrate ;  when  hardened  by  alcohol  they  are  soluble  in  cold  potash- 
lye,  but  not  when  hardened  by  mercuric-chloride ;  they  are  colourless, 
homogeneous,  and  doubly  refractive ;  when  hardened  by  picric  acid 
they  are  distinctly  stained  red  by  alum-carmine,  but  less  easily 
than  the  nucleus.  In  most  of  these  characters  they  agree  altogether 
with  Schmitz's  pyrenoids. 

The  autoplasts  of  foliage-leaves  are  usually  formed  as  follows : — 
The  comparatively  small  trophoplast  of  a  meristem-cell,  which  is  at 
first  colourless  and  globular,  or  more  or  less  regularly  stretched  by  the 
surroTmding  protoplasm,  begins  to  grow  slowly  with  the  protoplasm 
of  its  mother-cell.  The  framework  or  plastin  thus  increases  in  mass, 
and  grains  of  chlorophyll  are  formed  within  it,  and  possibly  other  at 
present  unknown  substances  soluble  in  alcohol.  The  mature  auto- 
plast  appears  to  have  changed  its  structure  before  it  exhibits  any 
change  in  colour.  The  trophoplasts  of  the  petals  of  angiosperms  are 
usually  smaller  than  those  of  the  foliage-leaves,  but  do  not  differ  from 
them  in  any  essential  respect.  The  trophoplasts  of  foliage-leaves 
may  be  classed   under  the  four  following  types:— (1)  colourless 

*  Bot  Ztg.,  xli.  (1883)  pp.  489-98,  505-14,  526-31. 
t  Bee  this  Joamal,  ii.  (1882)  p.  368. 
X  Ibid.,  iii.  (1883)  p.  405. 
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during  the  whole  of  their  existence;  ^2)  at  first  oolonrless,  then 
forming  chlorophyll,  which  remains  till  the  death  of  the  cell ; 
(3)  colourless  and  forming  chlorophyll,  which  afterwards  passes  oyer 
into  zanthophyll;  (4)  colourless,  producing  zanthophyll  directly 
sooner  or  later;  (5)  coloured  by  xanthophyll  during  the  whole  oi 
their  existence. 

The  chromoplasts  of  flowers  may  be  classified  as  follows : — ^A.  In 
the  last  stage  of  development  round,  or  (in  the  epidermis)  more  or 
less  angular  from  mutual  pressure,  never  ^siform.  (a)  They  produce 
comparatively  little  xanthophyll,  and  appear  at  last  more  or  less 
flat  and  irregularly  filled  with  vacuoles ;  xanthophyll  light  yellow. 
(&)  They  produce  comparatively  little  xanthophyll,  and  contain  till  the 
end  a  great  quantity  of  starch  ;  xanthophyll  light  yellow,  (c)  They 
produce  a  comparatively  large  quantity  of  xanthophyll,  and  are  finally 
more  spherical :  a.  with  none  or  very  few  vacuoles,  and  xanthophyll 
reddish  yellow ;  fi.  xanthophyll  light  yellow,  (d)  They  produce  a 
comparatively  large  quantity  of  xanthophyll,  which  finally  lies  within 
the  protoplasm  in  a  granular  form.  B.  They  finally  become  fusiform 
from  the  tendency  of  the  xanthophyll  to  crystallize;  xanthophyll 
usually  dark  or  reddish  yellow.  G.  They  produce  crystalloids  in 
or  on  them,  by  which  they  are  more  or  less  stretched.  Of  each  of 
these  types,  between  which  there  are  transitional  forms^  the  author 
cites  examples. 

Formation  and  Eesorption  of  Cystoliihs.* — According  to  J. 
Ghareyre,  the  reserve-materials  of  the  Urticinesa  and  Acanthaoee 
consist  of  alenrone-grains,  each  of  which  contains  a  globoid ;  Acanihm 
and  Hexacentris  also  contain  starch.  The  globoids  which  constitute 
the  calcareous  reserve-materials  of  the  seed  disappear  more  com- 
pletely if  the  plant  is  cultivated  in  pure  sand  than  in  limestone  or 
ordinary  soil ;  but  they  do  not  contribute  to  the  formation  of  oysto- 
liths.  In  pure  silica  the  pedicel  only  of  the  cystoliths  is  formed. 
In  darkness  only  rudimentary  cystoliths  are  produced. 

In  the  Acanthaceas  etiolation  and  death  produce  no  effect  on  the 
cystoliths ;  but  in  Ficus  elastica  the  calcium  disappears  in  darkness 
after  about  fourteen  days.  The  resorption  of  the  calcium  carbonate 
does  not  result  from  its  passing  over  into  the  alkaline  carbonate. 
Under  normal  conditions,  the  cystoliths  aro  formed  again  in  a 
month  or  six  weeks.  Calcium  oxalate  behaves  in  the  same  way.  In 
etiolated  leaves  of  Ficus^  sulphuric  acid  produces  a  larger  quantity  of 
crystals  of  gypsum  than  in  normal  leaves. 

Function  of  Organic  Acids  in  Plants.! — W.  Detmer  regards  the 
organic  acids  as  having  a  very  important  function  as  the  chief  pro- 
moters of  osmose,  and  consequently  of  the  turgidity  of  the  celL  The 
conversion  of  starch  into  sugar  is  also  greatly  dependent  on  the 
presence  or  absence  of  free  acids ;  the  presence  of  carbonic  acid  and 
of  small  quantities  of  hydrochloric,  nitric,  phosphoric,  citric,  and  oxalic 

*  Gomptes  Bendua,  xovi.  (1883)  pp.  1594-6.  Of.  this  Journal,  iii.  (1883) 
p.  389. 

t  SB.  Jenaiach.  Gesell.  Med.  u.  Naturw.,  1883,  pp.  47-9. 


KOOLOar  AND  BOTANY,   MIOBOSCOPY,  ETC.  91 

rcidg  promoting  this  conyersion  by  means  of  starch  in  a  remarkable 
oaimer.  Absence  of  these  acids  not  only  decreases  the  transforma- 
ion  of  starch  but  also  the  torgidity  of  the  cells  ;  but  this  conTersion 
•n  only  be  effected  by  the  combined  action  of  the  acid  and  of  the 
rennent. 

Fonnation  of  Ferments  in  the  Cells  of  Higher  Plants.*— A 
leries  of  experiments  by  W.  Detmer  leads  him  to  the  conclusion  that 
n  the  cells  of  higher  plants  no  transforming  ferment  can  be  pro- 
loced  in  the  absence  of  oxygen.  Access  of  free  oxygen  is  an  essential 
xmdition  for  the  formation  of  diastase,  and  the  ferment  is  unqaes- 
ionably  formed  by  means  of  oxygen  out  of  the  albuminoids  or  protoids 
»f  the  protoplasm. 

Ponlsen's  Botanical  Micro-Chemistry. t — This  book,  after  having 
been  translated  from  the  original  Danish  into  German,  French,  and 
[tdlian,  at  last  appears  in  English,  having  been  translated,  with  the 
iBsiatanoe  of  the  author,  and  considerably  enlarged  by  Professor  W.- 
Irelease,  of  Wisconsin,  IJ.S.A. 

We  referred  to  the  original  work  (i.  1881,  p.  772)  but  we  may 
IQOte  the  following  paragraphs  from  the  introduction  as  showing  its 
loops:— 

^  Physics  has  thus  striven  to  bring  the  Microscope  to  as  great  a 
legree  of  perfection  as  possible ;  it  remains  for  chemistry  to  find 
neami  of  recognizing  and  rightly  understanding  the  composition  of 
)he  olijects  we  investigate.  In  other  words,  if  we  employ  a  thorough 
mtem  of  chemical  imalysis  with  the  optical  apparatus,  we  shall  be 
ible  to  answer  all  questions  lying  within  the  range  of  possibility.  It 
is  this  analysis  applied  to  objects  tmder  the  Microscope  that  we 
ieaignate  by  the  word  micro-chemistry. 

I  have  endeavoured  to  successively  make  the  reader  acquainted 
iriih  the  most  valuable  reagents  used  in  micro-chemistry,  i.e., 
iriih  thoee  substances  whose  action  on  the  bodies  to  be  studied 
ftUowB  their  chemical  composition  and  nature  and  sometimes 
their  physical  structure  to  be  recognized.  In  the  first  section  I 
bave  oonsidered  the  chemicals  used  in  the  laboratory  ;  in  the  second, 
the  Tegetable  substances  to  be  tested  for,  and  the  reactions  by  which 
}hiBj  are  known  ...  At  the  close  of  the  first  section  I  have  intro- 
diioed  a  short  chapter  on  media  for  the  preservation  of  permanent 
preparations^  to  which  are  added  a  few  words  on  the  cements  used  in 
iiK>imting. 

The  book  ought  to  be  in  every  microscopist's  library. 

♦  Bot  Ztg.,  xU.  (1883)  pp.  601-6. 
t  Bee  infra.  Bibliography  a. 
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B.    0BYFT0OA1I1A. 

Cryptogamia  Vascolaxia. 

Classiflcation  of  OphioglossaoesB.* — ^E.  Ftantl  gives  the  following 
characters  of  the  primary  sabdivisions  of  the  genera  belonging  to  this 
family : — 

L  Botrychium. 

Sectio  1.  Euboirychium.    Folia  semper  glaberrima,  stomata  in 
ntraque  pagina  obyia ;  lamina  oblonga  yel  deltoidea,  ad  sum- 
mum  bipinnata ;  petioli  fasciculi  bini  prsBter  binos  in  pednn- 
cnlnm  exountes ;  xylema  rhizomatis  indistincte  seriatum.  5  sp. 
Sectio  2.   Phyllotriehum.      Folia    javenilia    s8Bpe    et    adnlte 
pilosa,  stomata  infora;   lamina  deltoidea,  bi-  ad  qninqne- 
pinnata;  xylema  rhizomatis  distinote  seriatnm.    10  api 
II.  Helminthoatachyg.     1  sp.  {H.  xeylanicum). 
m.  Ophioglo89um. 

Sectio  1.  Euophioglossum,  Rhizoma  hypomom,  prater  info- 
lacri  margines  glabrom,  pedoncnlus  solitarios  e  petiole  Tel 
basi  laminsB  oriundos,  petioli  fasciculi  basi  tres,  intra  l^mwiim 
pins  minns  ramosi,  stomata  ntrinqne  obvia,  rarios  supra 
parca  yel  nulla,  radids  fiEusciculus  monarchus.  27  sp. 
Sectio  2.  Ophioderma,  Rhizoma  epidendrum  papillosum ; 
pedunculus  solitarius  e  lamina  oriundus ;  lamina  fasoiaaforxDis 
integra  yel  dichotome  lobata,  basi  sensim  in  petiolum 
teretem  angustato,  neryo  mediano  hinc  inde  laterales  emit* 
tente,  petioli  fasciculi  numerosi,  stomata  utrinque  obyiay 
radids  fasciculus  tri-  ad  tetrarchus.  1  sp.  (0.  |Mii(2ti^iii). 
Sectio  3.  Cheiroglossa.  Rhizoma  epidendrum  longepilosum ; 
pedunculi  plures,  anteiiores  e  margine  basali  laminn 
dichotome  lobataa  oriundi,  neryis  dichotomis ;  petioli  fasai- 
cali  numerosi ;  stomata  infera ;  radicis  fEusciculus  diarohus. 
1  sp.  (O.  palmcUum), 

Structure  of  Helmintho8tachy8.t — ^From  an  examination  of 
Helminthostachys  zeylaniea  from  Borneo,  E.  Pranti  discusses  the 
relationship  between  this  and  the  two  remaining  genera  of  Ophio- 
gloBsacesB. 

It  is  distinguished  from  both  Ophioglosmm  and  Botrychium  by  its 
dorsiyentral  horizontal  rhizome,  bearing  two  rows  of  leayes  on  its 
dorsal  and  several  rows  of  roots  on  the  lateral  and  yentral  sides*  • 
Only  a  single  leaf  unfolds  each  year.  The  course  of  the  fibroyascular 
bundles  resembles  that  in  Botrychium  rather  than  in  Ophiogloaaum ; 
there  is  no  median  bundle  ;  but,  on  the  contrary,  there  are  four  placed 
diagonally  to  the  base  of  the  leaf-stalk.  In  the  absence  of  any 
sderenohyma  in  the  collateral  structure  of  the  bundles  in  the  stem 
and  leaf,  in  the  absence  of  palisade-parenchyma,  and  in  other  points, 
HelmirUho8t€tchy9  presents  a  complete  agreement  with  the  other  two 
genenu 

*  Ber.  Deutsch.  Bot  Gesell.,  i.  (1883)  pp.  848-53. 
t  Ibid.,  pp.  156-61. 
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The  most  striking  peculiarity  of  HelmfUhostachys  is  the  fertile 
portion  of  the  leaf,  which  is  densely  coyered  with  sporangia,  between 
which  are  still  green  portions  of  the  mesophyll.  Each  of  these  green 
portioinB  is  the  sterile  apex  of  a  branchlet. 

Huscinesa. 

Stmetore  and  Development  of  certain  Spores.* — H.  Leitgeb 
describes  a  nmnber  of  examples  of  departure  from  the  ordinary  stme- 
tore of  the  spores  of  cryptogams,  yiz.  where  the  membrane  is 
composed  of  two  distinctly  differentiated  coats  like  the  cell-wall  of 
pollen-grains,  mostly  in  the  case  of  HepaticsB.  With  Strasburger  he 
retains  the  same  terminology  for  the  two  coats,  as  for  those  of  pollen- 
grains,  yiz.  extine  and  intine;  bnt  restricts  the  latter  term  to  an 
inner  layer  consisting  of  pore  cellulose.  In  Osmunda,  Ceraiopterts^ 
and  Oleiehenia,  for  example,  there  is  no  true  intine  or  endospore,  the 
inner  layer  of  the  spore-membrane  being  completely  cuticularized, 
and  showing  none  of  the  reactions  of  cellclose.  Again,  in  many  thin- 
walled  spores  which  germinate  immediately  after  maturity  without 
any  period  of  rest,  as  in  those  of  many  Jungermanniaceffi,  Junger^ 
wuumiOf  Lopkoccleciy  LeptdoziOy  Blasiay  <&c.,  there  is  only  one  membrane 
with  cuticularized  outer  layer,  the  whole  of  which  is  used  up  in  the 
fonnation  of  the  germinating  filament.  This  is  exactly  comparable 
to  oertain  pollen-grains,  as  those  of  Naiaa  and  Orchis,  and  in  a  certain 
sense  also  those  of  Allium  fistulosumj  where  there  is  only  one  mem- 
brane, the  whole  of  which  goes  to  the  formation  of  the  pollen-tabe. 
In  otiier  cases  again,  an  inner  layer  of  cellulose  employed,  in  the 
formation  of  the  germinating  filaments,  is  formed  only  immediately 
before  the  period  of  germination. 

In  many  thick-walled  spores  of  Hepaticad,  the  wall  always  con- 
sists  of  more  than  two  distinctly  differentiated  layers ;  the  exospore, 
extine,  or  sporoderm  being  composed  of  two  separable  layers,  similar 
to  the  well-known  case  of  Equisetum. 

One  type  of  this  structure  is  furnished  by  Preissia,  Duvalliaj 
BAohUoj  Fimbriaria,  and  Plagiochasma,  The  intine,  which  turns 
blue  and  swells  strongly  with  chloriodide  of  zinc,  is  inclosed  in  a 
eatioularized  layer,  which  is  entirely  structureless,  and  may  be 
termed  the  extine.  This  is  again  inclosed  in  a  third  layer  with 
folded  protuberances,  and  elevated  like  a  bladder  on  one  side.  But 
slightly  different  are  the  spores  of  Orimmaldia  and  Boschia. 

Cornnia  resembles  these  genera  in  the  structure  of  the  intine  and 
extine,  but  that  of  the  outermost  layer  is  very  different.  It  is  of 
imiform  thickness  (as  much  as  20  /x),  and  is  composed  on  the  dorsal 
aide  of  polygonal  (usually  hexagonal)  plates,  while  on  the  ventral 
side  it  IS  a  continuous  perfectly  smooth  shell.  Where  the  dorsal 
and  ventral  sides  meet,  is  a  projecting  seam. 

In  Sphcerocarpus,  the  spores  remain  united  into  tetrahedra ;  but 
this  is  not,  as  in  Lyeopodium,  the  result  of  a  simple  attachment  of  the 
walls;  they  are  inclosed  in  a  common  membrane  which-  is 

♦  Ber.  Deutsch.  Bot.  Gesell.,  i.  (1883,  pp.  246-56. 
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closely  connected  with  the  wmlls  which  Bcparate  the  spores  from  one 
another,  and  consiRts  in  fact  of  layers  of  the  mother-cells  of  the  sporM. 
This  membrane  is  bcantifally  sculptured  on  the  outside  by  pxt>- 
jecting  reticulate  bands ;  and  the  outer  surface  of  the  extine  is  mlso 
similarly  sculptured.  The  history  of  deyelopment  of  these  spores  and 
of  the  sculpture  is  gone  into  in  detail ;  and  the  author  shofrs  that  in 
0i>r8inia  also,  and  probably  also  in  the  other  thick-walled  spores,  the 
outermost  layer  is  developed,  as  in  8phcerocarpu$,  from  the  memhimoo 
of  the  mother-cell,  and  from  its  innermost  layers,  the  special  mother- 
cell  ;  its  formation  beginning  only  after  the  formation  of  the  true 
extine,  and  before  the  peripheral  layers  disappear. 

Fungi. 

Alkaloids  and  other  Substances  extracted  from  Fungi* — 0.  J. 
Stewart  considers  that  the  chemistry  of  fungi  is  by  no  means  in  a 
satisfactory  state.  Many  of  the  existing  statements  are  rendered 
doubtful  by  a  bad  identification  of  the  species.  It  is  also  difficult  to 
obtain  a  sufficient  amount  of  raw  material,  and  its  perishable  natoze 
interposes  another  obstacle.  Beyond  this,  the  research  itself  is 
so  difficult  and  expensive,  and  the  question  of  profitable  result  is  so 
remote  to  ordinary  minds,  that  few  qualified  chemists  hare  even 
ventured  upon  the  task.  He  has  accordingly  endeavoured  to  oolleot 
together  such  facts  as  were  scattered  in  chemical  literature,  and  to 
explain  them  as  untechnically  as  was  possible  with  due  r^ard  to 
exactness  and  truth.  The  paper  is  not  capable  of  being  usefully 
abstracted,  but  it  deals  with  the  sugars  found  in  fungi,  oila  and  fiUs, 
Vegetable  acids,  resins,  colouring  matters,  trimethylamine,  betaine^ 
muscarine,  and  amanitine  (Cs  H,0  NOt).  This  is  identical  with  the 
animal  bases  choline  and  neurine,  and  is  another  link  between  fimgi 
and  the  animal  kingdom.  The  production  of  these  bodies  artificially, 
which  has  been  accomplished,  is  of  great  interest,  as  very  few  natural 
alkaloids  have  yet  been  artificially  made ;  and  the  success  leads  ns  to 
hope  that  we  may  some  day  produce  such  medicinal  alkaloida  as 
quinine  and  morphia  by  chemical  means  at  a  cheaper  rate. 

Development  of  Ascomycetes.! — E.  Eidam  describes  a  new  genua 
of  fungi,  Mrema8CU8y  which  he  regards  as,  with  the  exception  of 
Saccharomyces,  the  simplest  type  of  the  Ascomycetes,  the  entize 
fructification  being  reduced  to  a  single  naked  ascus.  It  occurs  as  a 
white  pellicle  on  the  surface  of  extract  of  malt.  On  the  mudh- 
branched  mycelium  there  appear,  directly  on  the  septa,  and  on  both 
sides,  two  precisely  similar  protuberances,  which  grow  into  hypha, 
and  coil  spirally  round  one  another  even  in  their  youngest  stages. 
The  spiral  consists  of  several  coils ;  the  apices  of  the  two  hyphn 
touch  one  another,  and  the  septum  becomes  absorbed  and  their 
contents  completely  coalesce.  The  point  of  coalescence,  which  is  at 
first  small,  increases  into  a  spherical  body,  which  becomes  at  length 
separated  by  septa  from  the  rest  of  the  spiral  hyplue.    The  remainder 

•  Grevillea,  xii.  (1883)  pp.  44-9. 

t  JB.  Bchles.  GeseU.  vaterl  Cult.,  1883,  pp.  175>7. 
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of  these  hyphie  perform  the  function  of  condacting  cells,  and  the 
spherical  body  becomes  an  asons,  in  which  eight  ascospores  with 
double  cell-walls  are  formed.  The  ascus  is  either  quite  solitary,  or 
as  many  as  four,  with  their  conducting  cells,  stand  at  the  same  height 
on  the  mycelial  filaments.  The  author  classes  Eremascus  among  the 
GymnoascacesB. 

A  new  species  of  Oymnoascua  is  described,  0.  setoausj  found  in 
quantities  on  a  wasp's  nest. 

The  author  next  giyes  a  full  description  of  the  history  of  deyelop- 
ment  of  a  species  of  SterigmatocystiSy  which  forms  both  conidiophores 
and  asci  in  a  yery  peculiar  way.  The  perithecia  are  buried  in  a  large 
hoUow  enyelope  formed  of  branched  filaments,  the  ends  of  which  swell 
up  into  colourless  or  slightly  yellow  thick-walled  yesicles.  Within 
this  cushion  are  produced  the  asci.  Two  yery  fine  hyphaB  swell  up 
at  their  apices,  coil,  one  forming  the  ''  nucleus,"  the  other  branching 
and  forming  the  wsJl  of  the  perithecium.  The  young  fructification 
has  the  remarkable  property  of  its  colourless  contents  turning  a 
beautiful  blue  on  addition  of  ammonia  or  potash,  which  changes  to 
red  when  an  acid  is  added.  This  colouring  substance  occurs  only  in 
the  wall  of  the  perithecium,  which,  when  ripe,  is  nearly  black,  and 
in  the  ascospores,  which  are  purple.  These  latter  ripen  very  slowly, 
and,  on  germination,  produce  again  the  conidiophores  of  Sterigmato- 

In  ChcBiomium  {C,  Kunzeanum  Zopf)  the  origin  of  the  fructifica- 
tion is  a  single  thickish  hypha  which  developes  into  a  distinctly 
segmented  spiral.  In  the  further  deyelopment  Eidam  agrees  with 
Van  Ti^hem  rather  than  with  Zopf.  A  pseudo-parenchymatous  ball 
is  formed  by  the  branching  of  a  single  spiral  filament  which  is  clearly 
distinguishable  from  the  rest  of  the  mycelium. 

Conidia  of  Feronospora* — M.  Comu  giyes  a  more  exact  descrip- 
tion than  any  preyious  obseryer  of  the  mode  of  abstriction  of  the 
conidia  of  Peronospara.  In  the  middle  of  the  septum  which  separates 
the  conidium  from  its  hypha  is  formed  a  soluble  gelatinous  layer. 
This  accounts  for  the  rapid  development  of  Feronospora  after  rainy 
weather.  Comu  disputes  the  possibility  of  the  oospore  directly  pro- 
ducing zoospores  on  germination  like  the  conidia,  or  rather  the 
sporangium,  as  de  Bary  has  described  in  the  case  of  Cystopus,  Each 
oospore,  on  the  contrary,  deyelopes  into  a  mycelial  filament  bearing 
a  sporangium.  Their  germination  depends  greatly  on  moiuture  and 
temperature,  as  also  on  the  depth  at  which  they  are  buried  in  the 
soiL  When  at  a  considerable  depth  they  may  retain  their  power  of 
gennination  for  from  two  to  five  years. 

Fleospora  herbarum.t — Great  confusion  has  resulted  from  authors 
haying  described  under  this  name  different  organisms  which  haye  no 
genetic  connection  with  one  another.  F.  G.  Kohl  has  carefully 
inyestigated  its  life-history,  haying  sown  the  ascospores  obtained  from 

*  Oomu,  M^  *  Etadee  ear  las  Peronospor^B.    II.  Le  Pcronospora  dee  vignes.' 
91  pp,  5  plB.,  PftriB,  1882.    Bee  Bot.  Centralbl.,  xv.  (1883)  p.  274. 
t  Bot  Centralbl.,  xyI.  (1888)  pp.  26-31. 
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Serithecia  growing  on  the  stemB  of  Leviiiieum  officinale.  On  the  same 
06t  was  found  also  the  eonidial  form  known  as  AUemaria  tetmii 
Nees  et  Cord.  The  asoospores  of  the  first  form  agreed  precisely  with 
those  of  Pleospora  SarcifmUe  Gib.  et  Griff.  Their  cnltiyation  gave 
rise  to  an  abundant  myoelinm  producing  &rctntt2a-oonidia  cknd  sub- 
sequently perithocia,  which  again  produced  ascospores.  The  second 
form  also  gave  rise  to  a  mycelium  indistinguishable  from  that  of  the 
first,  producing  immense  quantities  of  green  ^2/eniarui^-oonidia,  but 
no  pcrithecia.  The  stylospores  from  pycnidia  found  on  the  same 
host  gave  rise  to  a  mycelium  which  produced  both  pycnidia  and 
^Z/fTitana-conidia ;  but  no  proof  was  obtained  of  any  genetic  con- 
nection between  the  iSarctnuZa-conidia  and  peritheda  on  the  one  hand, 
and  the  ilZtortiarto-conidia  and  pycnidia  on  the  other  hand. 

Cladosporium  herharumy  tiiough  frequently  accompanying  all 
these  forms  in  nature,  does  not  belong  to  the  same  cycle  of  deyelop- 
ment.  It  has  two  eonidial  forms ;  firstly,  an  elongated  ellipse,  un- 
septatcd,  which  are  abstricted  in  clusters,  and  have  a  punctated 
membrane ;  secondly,  also  elliptical  but  shorter,  divided  into  from  <Mie 
to  three  chambers,  with  smooth  membrane,  not  constricted,  or  Tory 
slightly  so,  at  the  septa,  and  abstricted  singly  from  the  mycelial 
branches  aggregated  in  tufts. 

Epicoccum  herharum  has  also  no  genetic  connection  with  Pleogpora. 

ChytridiacesB.* — J.  Schaarschmidt  describes  a  new  species  of 
ChytridiacesB,  Phlyctidium  Haynaldiiy  and  proposes  a  fresh  classifica- 
tion of  the  species  living  in  water,  according  to  the  deyelopment  of 
the  mycelium.  The  mycelium  appears  to  he  wanting  in  (jlpidiopn» 
and  its  allies ;  the  naked  plasmodium  passes  over  immediately  (C%if- 
diopsia)  or  indirectly  {Woronina^  I^ozeUaj  and  perhaps  AMyogekm) 
into  several  zoosporangia.  In  Chytridium  and  PUyctidium  tiie  my- 
celium is  a  simple  filiform  structure ;  it  attains  greater  deyelopment 
in  the  genera  Bihizidiumj  Polyphagus,  Cladochytrium^  Obelidium^  SSygo^ 
chytrium,  and  Tetrachytrium ;  it  is  septated  and  multicellular  in 
Catenaria,  PolyrrhinOy  and  Saccopodium,  The  author  found  Ohyindiwm 
glcbasum  and  cblongum  parasitic  on  Ulothrix  zanata. 

Fhoma  Oentianse,  a  new  Parasitic  Fungus.!— J.  Efihn  describes 
a  newly  discovered  fungus,  having  its  habitat  on  the  stems,  leaveSi 
and  buds  of  Oentiana  cUiaia,  and  takes  the  opportunity  of  denying 
that  plants  grown  in  mountainous  districts  are  freer  from  such  paramtee 
than  those  of  the  lowlands. 

Chrysomyxa  albida4 — Under  this  name  J.  Euhn  describes  a  new 
species  of  parasitic  fungus  observed  on  the  bramble  (Bubus  fruiieotut) 
in  the  Black  Forest.  It  forms  small  roundish  white  or  yellowish 
white  patches  on  the  under  side  of  the  leaves,  from  0*25  to  0*5  nun. 
in  diameter.    From  these  project  threads  which  are  the  unbrandhed 

*  Magyar  Noven.  Lapok,  vii.  (1883)  pp.  58-63  (1  pi.)  (Magyar  and  Latin). 
Bee  Bot.  Gentralbl.,  xv.  (1883)  p.  370. 

t  Landw.  yer8uohB.-Stat.,  xxviiL  (1883)  pp.  455-6.  Cf.  Joura.  Ohem.  Soe, 
Ahstr.,  xliv.  (1883)  p.  1025. 

X  Bot.  Centralbl.,  xvi.  (1883)  pp.  154-7. 
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or  the  more  or  less  branched  spores,  composed  of  a  yarying  number 
of  cells.  Exclading  the  pedicel-cell,  the  number  of  cells  of  which  the 
spores  are  composed  is  usually  five  or  six,  though  there  may  be  a 
larger  or  smaller  number.  The  separate  spore-cells  are  often  very 
beautiful  in  form,  bearing  a  distant  resemblance  to  the  teleutospores 
of  Puednia  coronata.  The  walls  of  the  cells  are  usually  more  or 
leas  thickened,  and  often  with  considerable  projections ;  tiiough  the 
thickening  is  often  entirely  wanting.  They  are  cylindrical  or  ovoid 
in  form,  but  with  considerable  yariations,  the  length  yarying  from 
17  to  47  ^  and  the  breadth  from  15  to  21  fi ;  the  terminal  cell  frequently 
differing  yery  considerably  from  all  the  rest.  A  nacleus  is  present, 
but  disappears  before  the  commencement  of  germination.  The  spores 
germinate  with  great  readiness,  frequently  eyen  under  the  cover- 
glass. 

In  larger  patches  the  teleutospores  are  often  accompanied  also  by 
the  uredo-form.  The  uredospores  also  yary  greatly  in  form,  haying 
perhaps  an  average  diameter  of  about  26  /x.  They  differ  from  those 
of  species  of  PhrcLgnUdium  which  are  often  also  found  on  the  bramble, 
in  the  entire  absence  of  paraphyses.  They  are  probably  identical  with 
the  bodies  described  by  Fudsel  as  the  aKsidial  fruit  of  Phrcigmidium 
anerum.  The  uredo-form  occurs  abundantly  on  other  parts  of  the 
piaiit  besides  the  leaves. 

Physoderma.* — J.  Schroter  describes  this  genus  of  parasitic  fungi 
as  characterized  by  being  altogether  destitute  of  a  mycelium;  the 
rooree  forming  directly  abundant  masses  of  spores  within  the  paren* 
imymatous  ecus  of  the  host  Small  colourless  lumps  of  protoplasm 
gradually  swell  up  into  a  spherical  form,  and  become  invested  first 
with  a  simple,  afterwards  with  a  thick  coat.  This  process  resembles  the 
formation  of  tiie  resting-spores  of  Synchytrium ;  but  Physoderma  differs 
from  Synehytrium  by  the  spores  being  formed  in  the  parenchymatous 
and  not  in  the  epidermal  cells  of  the  host,  and  by  the  resting-spores 
of  Synchytrium  having  a  firmer  inner  layer  of  the  cell-wall,  so  that 
the  outer  layer  bursts  easily. 

The  author  has  observed  for  some  years  in  the  neighbourhood  of 
Breslan  a  very  remarkable  species  of  Phyaoderma  on  CJienopodium 
gfameumy  and  apparently  confined  to  this  species,  completely  deform- 
ing it,  and  causing  the  stem  and  leaves  to  assume  a  reddish  or  yellow 
ooumr.  In  the  coloured  pustules  which  appear  in  the  summer  are 
found  very  large  zoosporangia  with  orange-coloured  contents.  From 
the  base  of  the  zoosporangium  a  dense  toft  of  very  fine  branched 
hypluB  penetrates  into  a  parenchymatous  cell  of  the  host.  Within 
thia  cell  are  formed  very  large  zoospores  endowed  with  very  active 
motion,  which  pierce  the  tissue  of  the  host  and  form  new  sporangia. 

In  the  autumn  are  formed  black  pustules  which  contain  the  resting- 
Bpoies,  which  are  formed  by  a  process  of  conjugation.  The  zoospores 
attach  themselves  to  a  cell-wall ;  from  this  spot  proceed  very  long 
and  delicate  threads  of  protoplasm  bearing  at  tibeir  apices  small 
[^erioal  vesicles.  On  the  summit  of  these  vesicles  is  a  tuft  of  delicate, 

•  JB.  Sohles.  Gesell.  Vaterl.  Cult.,  1883,  pp.  198-200. 
8er.  2.— Vol.  IV.  H 


98  SUMMARY   OF  CUBBENT   BE8KARCHE8   BELAXXNG  TO 

abort,  but  often  brancbed  tbreads  of  protc^lasm.  Two  of  these  cells 
appear  to  conjugate  (thougb  it  would  seem  as  if  tbe  act  of  conjugation 
bas  not  been  actually  observed),  tbe  protoplasm  passing  from  one  into 
tbe  otber,  wbicb  swells  up  greatly,  being  filled  witb  protoplasm  and 
drops  of  oil,  and  invested  witb  a  firm  coat.  Tbe  two  conjugating  cells 
place  themselves  one  on  tbe  top  of  tbe  otber,  and  an  open  tubular 
communication  is  formed  between  tbem.  Tbe  process  presents  the 
greatest  resemblance  to  tbe  formation  of  tbe  spiny  spores  of  Cbytri- 
diaceaB.  Physoderma  appears  to  be  an  intermediate  form  between  the 
CbytridiacesB  and  Pythium  and  tbe  PeronosporeaB ;  and  may  also  be 
related  on  the  otber  band  to  Cladochytrium. 

Bacilli  of  Tubercle.* — According  to  Prof.  Bindfleisch,  tubercular 
bacilli  are  best  stained  by  fuchsin  soluble  in  alcohol,  but  not  in 
water.  Two  or  three  drops  of  a  concentrated  solution  in  2-3  cm.  of 
anilin-oil  water  are  sufficient.  The  staining  is  especially  good  at 
40°  C.  The  bacilli  are  uniformly  stained  if  a  few  drops  of  fuchsin 
are  added  to  a  mixture  of  equal  parts  of  alcohol,  water,  and  nitric 
acid. 

Microbia  of  Marine  Fish.f — In  pursuance  of  their  researches  on 
this  subject,  L.  Olivier  and  C.  Bichet  have  ascertained  beyond  doubt 
tbe  spontaneous  motility  of  tbe  microbes  obtained  from  living  fish^ 
as  distinguished  from  mere  passive  or  brownian  movements.    Motile 
organisms  were  foimd  in  living  specimens  of  Oadw  luscua^  which  had 
been  only  twenty-four  hours  in  an  aquarium,  in  the  cepbalo-racbideaik. 
and  peritoneal  fluids ;  in  the  peritoneal  fluid  of  a  BUnnius ;  in  th^ 
blood  of  the  heart  of  Qadus  Imctis,  and  in  the  peritoneal  fluid  of  i^ 
whiting. 

The  absence  of  putrefaction  in  the  lymph  or  blood  of  a  fish  doei^ 
not  prove  the  absence  of  living  microbes ;    some  of  the  ezamplei^ 
named  above  remained  for  months   without  alteration.     A   gooA 
nutrient  fluid  for  their  culture  was  found  to  be  infusion  of  beef.     Th9 
cephalo-racbidian  fluid  of  a  mud-fish  was  mixed  witb  sterilized  infosioix 
of  beef  in  one  part  of  an  exhausted  tube.    After  three  months  no 
clouding  appeared  in  it,  but  at  the  bottom  was  a  minute  whitish 
deposit.    This  contained  mobile,  short,  flexuous  bacilli,  which  were 
stained  by  methyl-violet. 

Physiology  and  Morphology  of  Alcoholic  Ferments.:^ — 0.  E. 
Hansen  describes  the  mode  of  formation  of  the  ascospores  of  8€Uh 
charomyceSy  bis  description  of  which  diflers  in  several  points  from  that 
of  previous  observers,  especially  Engel  and  Brefeld.  He  also  oon- 
tests  van  Tiegbem's  view  that  the  formation  of  ascospores  is  a  patho- 
logical phenomenon  due  to  bacteria.    He  gives  a  detoiled  description 

♦  SB.  Phys.-med.  Gesell.  Wurzburg,  1882.  See  Bot.  GentralbL,  xvi  (1888) 
p.  18. 

t  Oomptes  Rendus,  xcvii.  (1883).  Cf.  this  Journal,  iii.  (1883)  pp.  402, 
884. 

X  Meddel.  Garlsberg  Lab.,  il  (1883)  3  pis.  (Danish  with  French  resmnO.  See 
Bot.  GentralbL,  xv.  (1883)  p.  257.  Cf.  this  Journal,  ii.  (1882)  p.  234 ;  iil  (1883) 
p.  232. 
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of  ihe  characters  by  which  the  yarions  species  of  Scuscharomyees  may 
be  distiiigiiished  from  one  another.  In  all  the  species  examined  the 
maoospores  were  never  developed  below  a  minimnm  temperature  of 
from  0*5^  to  3^  C,  or  above  a  temperature  of  about  37*5°  C. 

Hansen  finds  that  some  forms  of  Torula  as  well  as  of  Scuxharomycei 
can  invert  and  also  cause  alcoholic  fermentation ;  while  others  show 
the  latter  phenomenon  only. 

Alcoholic  Ferments.* — L.  Bontroux  employs  as  diagnostics  of 
the  species  of  fungus  that  induce  fermentation  the  form  of  the 
▼egetative  cells,  whether  elongated  or  oval,  whether  they  occur  singly 
or  in  colonies,  their  fermenting  activity,  and  their  power  of  resisting 
adds  and  high  temperatures.  He  describes  as  many  as  nineteen 
species  of  Saccharomyces,  but  some  of  them  are  forms  of  other  fungi, 

Oidium  laciis,  DemcUium,  &c. 


Magnin's  *  Bacteria.'t — The  second  edition  of  this  book  contains 
not  only  Cohn's  accepted  provisional  classification  of  the  Bacteria, 
bat  a  general  remmS  of  the  latest  labours  in  this  difficult  study, 
largely  supplemented  by  the  experimental  observations  of  Dr.  G.  M. 
Sternberg,  the  translator.  Scw^ly  any  subject  since  the  time  of 
Jenner  has  attracted  so  much  attention  as  the  question  of  the  proof 
of  the  infectiveness  of  certain  of  the  bacteria.  Opinions  have 
fluctuated  not  only  in  connection  with  the  difficulty  of  proof  required, 
bat  also  from  the  differences  in  the  methods  of  experimenting.  In 
some  cases  pure  cultures  have  not  been  made  use  of,  and  in  others 
the  series  of  observations  have  not  been  of  a  sufficiently  extended 
natore  to  determine  correctness  in  the  results.  Dr.  Sternberg  is  very 
critical  in  accepting  some  of  the  conclusions  and  statements  made  by 
others ;  and  hence  he  has  taken  the  precaution  to  lessen  any  objections 
that  may  be  made  against  his  own  observations,  which  are  therefore 
the  more  valuable  and  trustworthy.  At  the  same  time  he  avoids 
aooepting  the  evidence  where  the  subject  is  still  under  serious  dis- 
eossion.  When  the  experiments  are  of  a  positive  nature,  as  in  the 
▼irnlence  of  his  own  saliva  when  injected  into  rabbits,  he  does  not 
hesitate  to  join  the  ranks  of  those  who  insist  upon  the  haderia^ 
hadUi^  or  micrococci  being  the  cause  of  the  malady  induced,  and  not 
the  sepsin  or  septic  product  produced  by  the  microrganism,  as  has 
been  insisted  upon  by  some. 

The  fuller  our  knowledge  of  the  rSle  these  invisible  organisms 
play,  the  greater  the  facility  of  establishing  the  laws  of  hygiene  and 
the  means,  if  not  of  eradicating  our  common  enemies,  yet  of  lessening 
the  Timlence.  Whether  we  are  to  accept  Zopf 's  views  of  all  forms 
being  originated  by  development  from  the  same  organism ;  whether 
the  oonmion  forms  by  transmission  through  various  living  organisms, 
or  certain  media,  in  tiiemselves  harmless  or  hurtful,  obtain,  increase,  or 
loae  their  virulence ;  whether  by  the  slow  progress  .of  evolution  gathered 

*  Boll.  Boo.  Linn.  Normandie,  iii.  (1883)  42  pp.  See  Bot  Centrulbl..  xt. 
(1883)  p.  329. 

t  Magnin,  Dr.  A.,  *  Bacteria.  Translated  with  additions  by  Dr.  G.  M. 
Sternberg,  F.R.M.S.'    487  pp.,  12  pis.,  and  figs.    2nd  eil.,  8?o.,  New  York,  1888. 
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in  their  course  and  transmission  through  different  species  of  liTing 
bodies,  modified  properties  have  been  acquired  either  in  a  single 
or  several  species,  and  whether  by  a  selectc^l  reversal  of  the  mode  of 
life  a  reversion  to  harmlossness  can  be  induced  in  the  virulent  forms, 
are  questions  of  serious  import  that  lie  in  the  future.  To  those 
interested  in  the  question  of  germicides  (sporocides)  and  antiseptioi, 
we  may  refer  to  an  article  by  Dr.  Miquel,*  the  able  observer  at  the 
Montsouris  Observatory,  Paris,  who  has  largely  extended  the  list, 
which  is  headed  by  biniodide  of  mercury. 

Those  who  are  in  want  of  a  subject  for  investigation  may  be 
strongly  advised  to  cultivate  an  acquaintance  with  the  pages  of  this 
valuable  work,  and  add  their  own  independent  observations  to  the 
list  of  original  articles  of  which  there  is  a  very  copious  bibliography 
brought  down  to  a  very  late  period.  Dr.  Sternberg  can  be  conffratii- 
lated  on  giving  us  a  well  illustrated  and  most  readable  addition  to 
the  literature  of  the  bacteria  with  valuable  information  derived  from 
his  own  careful  experiments. 

lachenes. 

Cephalodia  of  Lichens.f — K.  B.  J.  Forssell  proposes  to  confine  the 
term  Cephalodia  to  those  structures  which  contain  one  or  more  alg», 
the  type  of  which  differs  from  the  normal  gonidia  of  lichens,  and 
which  have  been  formed  by  the  mutual  action  of  hyphn  and  algn. 
Cephalodia  have  been  at  present  observed  in  one  hundred  speoies  of 
alg89»  but  belonging  to  only  a  few  genera.  They  appear  to  ocear 
chiefly  in  the  Archilichenes.  Those  described  in  other  families  have 
mostly  not  been  properly  cephalodia,  where  the  hyphsB  always  obtain 
a  stronger  development  from  contact  with  the  algsa ;  as  Peliigera 
canina,  where  the  hyphas  serve  to  nourish  the  algie,  or  SolorinMi 
asteriscuSj  where  they  are  indifferent  to  one  another. 

The  position  of  the  cephalodia  varies ;  they  occur  sometimes  in 
the  under,  sometimes  in  the  upper  side  of  the  thallus,  sometimes  on 
or  in  it ;  occasionally  also  in  the  protothallns.  They  usually  form 
protuberances  of  a  dark  yellowish-red  or  dark  red  colour  in  the  upper 
side  of  the  thallus.  When  the  cells  of  the  algie  which  form  oepha- 
lodia  come  into  contact  with  the  hyphas  the  hyphad  develope  rapidlr, 
involve  the  algal  colony,  and  become  copiously  branched.  The  cells 
of  the  algaa  divide  at  the  same  time,  thus  increasing  the  size  of  the 
cephalodium  by  mutual  symbiosis.  Most  cephalodia  are  formed  by 
the  mutual  action  of  algad  and  of  hyphsB  which  belong  to  an  already 
developed  lichen-thallus  (cephalodia  vera).  Among  these  the  author 
distinguishes  between  cephalodia  epigena  or  perigena,  formed  on  the 
upper  side  of,  or  upon,  the  thallus,  as  in  Peltidea  aphtosa,  Spharo^ 
phoru8  siereocaidoideSf  and  Stereocaulon  ramtdosum;  and  cephalodia 
hypogena,  formed  on  the  under  side  of  the  thallus.  There  are 
differences  again  among  these.  Sometimes  (Solorina  octoipora)  the 
cephalodium  lies  at  the  base  of  the  medullary  layer;    sometimes 

*  *  La  Semaine  M^icalo,'  30  Aoat,  1883. 

t  Bibang  till  K.  SveiiBka  Yet.  Akad.  Handl.,  viii.  (1883)  112  pp.  (2  pU.). 
See  Bot  Centralbl.,  xv.  (1888)  p.  330. 
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(£f.  9aecaia  and  Lcbarta)  the  alga  penetrates  into  the  medullary  layer ; 
or  sometimes  (5.  crocea  and  hipora)  it  penetrates  still  higher  into  the 
thallas,  and  spreads  into  the  yellowish-green  gonidial  layer,  which  is 
often  replaced  by  it ;  or  finally  (Lcharia  amplissima^  Lecanara  gelida^ 
and  Leddea  panosola)  the  gonidial  and  cortical  layers  are  broken 
ihroagh,  and  the  cephalodiom  emerges  on  the  upper  side  of  the 
thallus. 

Under  the  name  Pseudocephalodia  (as  distinguished  from  cepha- 
lodia  vera)  the  author  describes  such  as  are  formed  in  the  protothallus 
by  the  germinating  hyphsB  investing  algal  colonies  of  some  other  type 
than  the  normal  gonidia  of  the  lichen.  They  are  but  slightly  united 
with  the  other  parts  of  the  thallus,  and  exhibit  a  tendency  towards 
independent  development.  At  present  they  have  been  observed  in 
only  a  few  lichens : — Solorina  saccata  var.  spongiosa,  Lecidea  pallida, 
and  probably  in  Lecanora  hypnorum  and  Lecidea  panceola.  Inter- 
mediate forms  also  occur  between  the  various  kinds  of  cephalodia. 

In  some  of  the  above-named  species  the  autbor  states  that  the 
pseudocephalodia  develope  in  the  same  way  as  is  described  by 
Bchwendener  from  the  thallus  of  lichens,  a  point  of  considerable  im- 
portance with  regard  to  the  Schwendenerian  theory  of  the  origin  of 
lichens.  In  the  true  cephalodia  we  have  in  fact  a  double  parasitism, 
or  mutual  symbiosis  of  algae  and  fungal  hypbsB. 

Lichens  from  the  Philippines.* — B.  Stein  describes  a  number  of 
lichens  forwarded  by  Dr.  Schadenborg  from  Mindanao  in  the  Philip- 
pines. Among  them  is  a  new  genus,  DttmouZtnta,  belonging  to  the 
Lecanore®,  of  which  he  gives  the  following  diagnosis: — "Thallus 
cmstaceus  uniformis;  apothecia  lecanorina,  superficialia,  excipulo 
crasso  cupulari ;  spone  quatemas,  maximsB,  hyalinee,  tetrablastaB." 

AlfirsB. 

Protoplasmic  Continuity  in  the  Ploridese.t — T.  Hick  has  made 
an  extensive  series  of  observations  on  a  large  number  of  species 
belonging  to  the  more  important  genera  of  FlorideaB,  with  special 
reference  to  the  question  of  protoplasmic  continuity.  He  finds  in  all 
the  species  examined  that  there  is  such  a  continuity,  and  that  of  the 
clearest  and  most  definite  character.  In  the  simpler  filamentous 
types,  such  as  Petrocelis  cruenta  and  Callithamnion  Bothiiy  the  pro- 
toplasm of  each  cell  is  united  with  the  protoplasm  of  contiguous  cells 
by  means  of  a  fine  protoplasmic  thread.  This  occurs  throughout  the 
whole  plant  In  the  more  complex  types,  such  as  Callithamnion 
rosettm,  arhu9ctila,  and  tetragonum,  the  arrangements  for  continuity  are 
of  a  more  elaborate  character.  The  contents  of  the  axial  cells  are  not 
only  united  with  one  another,  but  also  with  those  of  the  cortical  cells, 
however  numerous  these  may  be.  The  cortical  cells  also  display 
continuity  inter  ae,  Ptilota  elegans  is  a  most  instructive  form,  as 
here  the  connective  threads  may  be  easily  traced  from  the  tips  of  the 
ultimate  branchlets  to  the  base  of  the  stipes  of  the  frond.    As  the 

•  JB.  Schles.  Gesell.  Vaterl.  Cult,  1883,  pp.  227-34. 

t  Pioc.  Brit  AsBoc.  Adv.  8ci.,  1883.    Cf.  Nature,  xxix.  (1883)  p.  581. 
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threads  booome  older,  they  increase  in  thickness,  thus  showing  that 
they  are  not  merely  temporary  or  eflbte  stmctnres.  On  the  stonter 
connecting-<»rds  a  sort  of  ring  or  collar  is  developed  at  about  the 
middle  point,  and  over  this  is  stretched,  in  some  cases,  a  delicate 
diaphragm.  The  behayionr  of  both  rings  and  diaphragm,  when  treated 
with  microchemical  reagents,  is  similar  to  that  of  ordinary  protoplasm. 

Distribution  of  Algse  in  the  Bay  of  Vaples.*— 6.  Berthold  finds 
that  if,  in  the  algsB  growing  in  the  Bay  of  Naples,  those  species  are 
separated  the  habitat  of  which  is  above  low-water  mark,  and  those 
which  require  strong  currents,  the  great  majority  of  the  180  to  200 
species  which  remain  are  not  confined  to  particular  zones  of  deptL 
The  species  found  in  the  zone  between  ebb  and  flow  are  usually 
peculiar  to  that  habitat,  or  at  all  events  do  not  thrive  in  greater 
depths.  To  this  class  belong  Bangia,  NenuUean,  and  Oelidium  erindle. 
Some  species  thrive  best  in  strong  currents;  Corallina  is  especially 
partial  to  the  zone  of  breakers.  Stagnation  of  the  water  greatly 
diminishes  the  number  of  species;  and  some,  in  consequence,  are 
entirely  wanting  at  considerable  depths.  The  presence  of  diffused 
light  in  the  water  is  extremely  important  for  the  life  of  algte ;  the 
minimum  intensity  at  which  they  can  thrive  lies  at  but  a  smidl  depth 
below  the  surface.  Those  species  which  grow  in  shady  places,  like 
marine  grottoes,  are  in  general  found  only  near  their  entrances.  The 
FloridesB  aro  found  especially  where  the  light  is  diffused,  the  greater 
number  of  brown  algaa,  with  a  few  Floride®  and  Chlorosporeea,  in 
localities  exposed  to  the  direct  light  of  the  sun. 

AlgSB  of  Bohemia.t — A.  Hansgirg  gives  a  detailed  account  of  the 
alg8d  of  Bohemia,  with  reference  both  to  their  classification  and  their 
biology.  The  mode  of  life  of  Leptothrix  rigidtda  Elitz.  is  especially 
described  in  detail. 

Fossil  Alga. I — Under  the  name  Bythotrephia  devoniea^  C.  J. 
Andra  describes  a  new  alga,  the  remains  of  which  he  finds  in  the 
**  Hunsruckschiefer,*'  belonging  to  the  Devonian  formation. 

New  Genera  of  Algse.§ — A.  Borzi  describes  several  new  genera 
of  algsB,  as  under,  viz. : — 

Lepiosira, — The  only  species,  L.  Mediciana,  occurs  among  cultures 
of  fresh-water  algaB  from  bogs  on  Etna.  It  forms  minute  rounded 
green  tufts  composed  of  a  number  of  dichotomously  branched  arms. 
The  cells  are  oblong,  and  with  very  delicate  cell-wall.  All  the  cells 
can  become  zoosporangia.  They  swell  into  a  spherical  form,  and  the 
numerous  zoospores  escape  through  a  hole  in  the  side  of  the  mother- 
cell.     They  are  at  first  all  inclosed   in  a  common  envelope,  which 

♦  MT.  Zo()l.  Station  Neapel,  iii.  (1882)  pp.  39»-536  (3  pis.). 

t  SB.  Bohm.  Gesell.  Wissensch ,  1883.  See  Bot  Centralbl.,  xvi.  (1883) 
p.  33. 

J  Verhandl.  Naturli.  Ver.  Preusa.  Rheinlande  u.  Westfalen,  ix.  (1882)  pp. 
1103. 

§  Borzi,  A.,  *8tudi  Algologici,*  117  pp.  (9  pis.)  Messina,  1883.  See  Bot. 
C<ntralbl.,  xvi.  (18^3)  pp.  66-75. 


ZOOLOGY  AND   BOTANY.  MICBOSOOPY,  ETC.  103 

Boon  dissolyes  in  water.  They  are  small,  biciliated,  and  provided 
wiih  an  eye-spot.  They  conjugate,  but  in  a  manner  different  from 
other  algfld,  uniting  by  tiie  end  which  does  not  bear  the  cilia.  The 
xygospore  becomes  inTosted,  in  the  course  of  a  few  days,  with  a  cell- 
inll ;  the  further  development  of  the  resting-spore  was  not  observed. 
Thofle  zoospores  which  do  not  conjugate,  develope  asexually  in  the 
ordinary  way.  After  a  time  the  terminal  cell  of  the  filament  breaks 
np  into  from  four  to  eight  cells,  which  become  detached,  and  present 
a  protococcoid  appearance.  They  develope,  on  germinating,  into  the 
original  tufts,  each  cell  putting  out  from  two  to  four  germinating 
filaments.  He  proposes  to  place  this  genus  in  his  new  class  of 
OhroolepidaceaB  (see  p.  106). 

denodadua, — The  only  species,  C.  cirdnnatua,  forms  green  incrus- 
tations in  brackish  marshes,  composed  of  densely  crowded  tufts.  The 
prostrate,  curved,  and  segmented  filaments  put  out  a  number  of 
short  segmented  branches,  which  are  all  beautifully  curved.  These 
branches  again  branch,  but  the  branches  are  borne  on  one  side  only. 
The  cells  contain  homogeneous  chlorophyll,  a  starch-grain,  and  a 
tme  nucleus ;  the  wall  is  divided  into  three  layers,  the  outermost  of 
which  presents  the  reactions  of  cuticle.  Asexual  reproduction  takes 
place  by  means  of  macrozoospores  and  microzoospores.  The  macro- 
tporangia  are  very  elongated  cells  in  the  branches,  or  sometimes  cells 
which  put  out  a  long  lateral  protuberance.  The  zoospores,  from 
ibnr  to  thirty-two  in  number,  are  forced  out  through  a  narrow  opening 
in  the  wall  of  the  mother-cell.  They  have  the  ordinary  form  of 
biciliated  zoospores,  and  germinate  into  the  new  tufts  after  swarming 
for  about  twelve  hours.  After  the  discharge  of  the  macrospores  the 
thallas  assumes  a  hibernating  condition.  The  cells  become  rounded 
Oifl^  many  of  them  divide,  and  the  common  cell-wall  is  gradually  ab- 
sorbed, so  that  the  tuft  becomes  changed  into  an  irregular  aggregation 
of  cells  imbedded  in  mucilage,  a  protococcoid  colony  resembling  a 
PalmeUa  or  QUjooeystis.  These  palmelloid  cells  produce  the  micro- 
looBpores,  from  four  to  sixteen  in  a  celL  They  resemble  the  macro- 
zoospores, except  in  size;  their  behaviour  on  germination  was  not 
obBerved.  Sometimes  the  hibernating  cells  which  do  not  give  birth 
to  microzoospores  enter  on  a  new  condition;  they  develope  into 
filaments  closely  resembling  a  Uhihrixy  which  form  a  kind  of  hypo- 
tballns.  In  these,  shorter  dark  green  .cells  are  formed  which  develope 
into  the  typical  tufts  of  Ctenodadus,  But  while  these  tufts  mostly 
pass  over  in  autumn  into  the  hibernating  condition  already  described, 
some  cells,  which  Borzi  calls  '^  zoogonangia,"  enlarge  greatly,  assume 
a  pear-like  form,  and  hibernate  in  this  condition.  From  these  are 
produced  in  the  spring  biciliated  zoospores,  which  conjugate;  but 
oonjagation  takes  place  only  between  zoospores  from  different  zoogo- 
nangia.  The  author  considers  the  genus  as  probably  a  highly 
specialized  form  of  the  ChroolepidaceaB. 

Phfsocytium, — ^The  only  species,  P.  confervicola,  was  found  growing 
on  (Edogonium  and  Cladophora,  It  forms  small  colonies  attached  to 
the  snbstratum  by  a  delicate  filament.  Each  colony  is  composed  of 
bom  1  to  82  ciliated  cells  inclosed  in  a  vesicle  of  very  fluid  mucilage. 
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in  which  they  swum  aciiTely ;  each  Tende  ie  attadied  to  the  sab- 
■tratnm  hj  two  werj  delicate  threada  Each  cell  has  two  dli% 
abnndant  cellulose,  a  starch-graiD,  red  eye-spot,  and  two  alternately 
pulsating  Tacaoles.  After  a  time  the  yesicle  borsts ;  the  cells  swann 
free,  then  become  immotile,  and  enter  into  a  pal mella-copditioii,  a 
nomber  being  inclosed  in  a  common  gelatinous  envelope.  They 
divide,  like  PalmdJay  and  each  cell  ultimately  dcTelopes  into  a 
microaoospore,  closely  resembling  one  of  the  original  cells.  Several 
alternate  generations  of  soospores  and  palmella-oells  are  produced  in 
the  autumn  and  winter,  and  in  the  spring  commences  the  sexual  re- 
prodootion.  Some  of  the  palmella-cells  are  transformed  into  soogo- 
nangia ;  out  of  the  contents  of  each  of  these  are  formed  from  4  to  16 
zoogonidia,  scarcely  differing  from  the  soospores,  but  possessing 
sexual  properties,  since  some  of  them  conjugate,  the  rest  soon  perish- 
ing. The  zygospores  contain  a  red  endochrome,  and  remain  dormant 
for  a  time.  In  the  latter  part  of  the  summer  they  germinate,  and 
each  produces  one  or  less  often  two  macrozoospores,  which  ultimately 
attach  themselves  to  another  alga,  become  invested  with  an  envelope 
of  mucilage,  and  develope,  by  the  division  of  their  oontento,  the 
original  colonies.  The  author  considers  the  genus  nearly  allied  to 
the  YolvocineaD. 

Kentrosphcpra. — Two  species  of  this  genus  form  green  gelatinous 
lumps  in  the  midst  of  filaments  of  OscillarieaB.  These  colonies  are 
composed  of  zoosporangia ;  each  sporangium  is  unicellular,  about 
200  fi  in  diameter,  with  a  very  thick  concentrically  stratified  wall  of 
cellulose,  and  often  possessing  on  one  side  a  protruding  spur.  The 
cell  contains  bands  of  chlorophyll  and  a  red  pigment ;  Uie  bands  dis- 
appear, the  cell  becomes  uniformly  green,  and  the  contents  break  up 
into  a  great  number  (about  400^  of  zoospores ;  they  are  minute  and 
biciliated,  but  possess  no  vacuole  or  eye-spot.  After  swarming  they 
become  fixed,  and  develope  into  spherical  cells,  which  divide  inter^ 
nally  into  the  protococcoid  colony.  Many  of  these  colonies  may 
follow  one  another  in  succession.  No  sexual  mode  of  propagation 
is  known.     Kentrosphcera  probably  belongs  to  the  FalmeUacesd. 

Hormotila. — H,  mucigena,  the  only  species,  covers  with  a  thick 
green  incrustation  the  walls  of  water-basins  and  damp  rocks  round 
Messina.  Its  vegetative  form  is  scarcely  distinguishable  from  a 
Olceoofstis ;  the  cells,  very  unequal  in  form  and  size,  are  imbedded 
in  mucilage.  Eeproduction  takes  place  only  by  means  of  zoospores, 
and  apparently  at  all  times  of  the  year.  To  form  zoosporangia, 
certain  of  the  cells  separate  from  the  rest,  and  lose  their  mucilaginous 
envelope.  These  divide  repeatedly  by  bipartition,  and  thus  form 
small  branched  tufts  bearing  an  external  resemblance  to  CUubphcra, 
In  each  of  these  cells  are  formed  from  8  to  64  minute  biciliated 
zoospores,  which  escape  through  the  lateral  protuberance  in  the  wall 
of  the  mother-cell.  After  swarming  they  either  develope  directly 
similar  tufts  of  sporangia,  or,  more  often,  pass  through  the  gloeocystis- 
condition  first.  The  genus  must  be  regarded  as  belongmg  to  the 
Palmellaceie. 
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Polymoiphim  of  the  Phycochromaoen.*— W.  Zopf  details  the 
Btrnoture  and  deyelopment  of  a  low  algal  form  which  he  calls  Tolypo^ 
ikrix  amphibia,  and  which  he  regards  as  confirming  his  view  already 
puhlished  as  to  the  genetic  connection  of  low  forms  of  fangi.  It  was 
fonnd  among  the  protonema  of  a  moss,  and  had  two  forms,  an  aquatic 
form,  and  an  aenal  form  growing  on  the  surface  of  water.  The 
aquatic  form  is  filiform,  and  closely  allied  to  the  organisms  which 
make  up  the  genus  Tolypothrix.  It  consists  of  an  unbranched  filament 
of  cells  inclosed  in  an  evident  sheath ;  within  this  sheath  it  breaks 
up  into  fragments  or  hormogonia.  The  aerial  or  chroococcus  form 
developes  from  hormogonia,  consisting  of  three  or  more  cells  which 
i«ach  the  surface  of  the  water.  Here  a  number  collect  together, 
and  their  extremely  thin  gelatinous  envelope  coalesces  together  into 
a  continuous  oily  membrane.  The  blue-green  colour  of  the  hormo- 
gonia has  now  passed  over  into  a  greener  tint.  In  this  condition  the 
cells  divide  in  all  three  directions,  and  not  in  one  only,  as  had  pre- 
Tiously  been  thought  to  be  exclusively  the  case  with  the  Scytonemeeo. 

Beproduction  of  XJlva.t — A.  Borzi  thus  describes  the  develop- 
ment and  conjugation  of  the  zoospores  of  Ulva  Lactuca^  which  takes 
place  freely  in  cultivation.  The  zoospores  are  oval,  and  are  provided 
on  the  anterior  beak  with  two  colourless  cilia,  and,  attaching  them- 
selves to  one  another  by  their  anterior  ends,  coalesce  in  the  course  of 
about  five  minutes  into  a  swarm-spore  twice  as  large  with  four  cilia. 
Occasionally  the  position  of  one  of  the  conjugating  swarm-spores  is 
reversed.  Compared  with  the  great  number  of  swarm-spores,  con- 
jugation takes  place  very  rarely,  which  may  be  the  result  of  a  sexual 
differentiation,  although  none  is  visible  externally;  there  is  no 
difference  in  their  motility.  Warmth  influences  favourably  their 
emission  and  motility.  But  it  is  interesting  that  while  the  ordinary 
zoospores  display  distinct  positive  heliotropism,  the  zygospores  acquire 
an  opposite  heliophobic  tendency,  in  consequence  of  which  they  seek 
dark  spots,  where  their  further  development  may  proceed. 

The  zygospores  lose  their  cilia  and  coalesce  completely  into  an 
oval  body,  in  which  the  anterior  end  is  still  distinguished  by  the 
absence  of  endochrome,  while  the  other  end  has  a  great  quantity  of 
chlorophyll  and  the  two  pigment-spots  and  starch-grains  of  the  two 
original  zoospores.  The  zygospore  attaches  itself  by  its  anterior  end, 
and,  after  growing  rapidly,  divides  transversely.  The  basal  and 
apical  cells  finally  become  completely  separated,  this  being  preceded 
by  the  apical  cell  becoming  narrowed  and  prolonged  at  the  base  into 
a  beak-like  colourless  appendage.  Similar  transverse  divisions  follow, 
and  thus  a  small  colony  is  formed  of  unicellular  individuals  closely 
associated  together,  and  constituting  an  asexual  generation.  Each  of 
these  individuals  developes  into  a  new  frond ;  first  of  all  becoming 
attached  by  its  colourless  end,  and  then  dividing  first  into  a  filament 
and  then  into  a  plate  of  cells. 

•  Ber.  Deutach.  Bot  Gesell.,  i.  (1883)  pp.  319-24  (1  pL).  Of.  this  Journal,  iii. 
(1883)  p.  688. 

t  Borzi,  A.,  *  Stu.U  Algologici,'  117  pp.  (9  pis.)  MesBioa,  1883. 
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Belatioiuhip  between  Cladophora  and  Khisocloninnt* — A.  Bord 
considers  that  many  algie  hitherto  considered  as  belonging  to  the 
Gonfenracead  are  not  independent  forms,  but  stages  of  deyelopment  of 
species  of  Cladophora.  This  applies  especially  to  several  species  of 
Bhizoclonium^  which  he  has,  in  ooltiTation,  developed  into  filaments 
of  Cladophora  ;  thus  confirming  the  previoos  hypothesis  of  Schmits. 
QongroBxra  pygmcea  he  also  shows  to  be  a  form  of  Cladophora  fraeia. 

The  multinucleated  condition  of  the  cells,  so  common  in  the 
Siphonocladiaceee,  Borz!  regards  as  simply  the  result  of  imperfect 
septation. 

Classification  of  ConferroidefiB.t — A.  Borzi  proposes  the  new 
family  ChroolepidaceaB,  to  include  his  new  genus  LepUmra  (see  p.  102) 
along  with  TrentepohUay  Acrohlaste,  Chlorotylium,  Microthamnion^  ana 
Pilinia  ;  which  ho  separates  from  the  ConfervaceflB,  and  gives  the 
following  classification  of  the  Isogamous  Confervoideas : — 

Segment-cells  with  several  nucleL 

Tballus  unicellular.  Fam.  1.  Siphonacese. 

Thallus  multicellular.  Fam.  2.  Siphonocladiaoee. 

Segment-colls  with  a  single  nucleus. 

Thallus  of  a  single  lamella.  Fam.  3.  UlvacesB. 

Thallus  filamentous. 

Chlorophyll    parietal ;    zoo-  Fam.  4.  Ulotrichaoeflo 

sporangia  not  distinguish-  (ind.  GhsBtophorace-aB). 

able   from    the  vegetative 
cells. 
Clilr)rophyll  diffuse ;  zoospo-  Fam.  5.  Chroolepidaces. 

rangia  distinguishable  from 
the  vegetative  cells. 

Action  of  Tannin  on  Fresh-water  Algss.} — J.  B.  Schnetzler  had 
previously  demonstrated  the  presence  of  an  appreciable  amount  of 
tannin  in  fresh-water  algee,  Vaucheria,  Spirogyra,  Conferva^  <fec.  If 
the  alcoholic  solution  of  the  chlorophyll  of  these  algss  is  treated  with 
sulphate  of  sesquioxide  of  iron,  an  abundant  blue  precipitate  takes 
place.  If  the  entire  fresh  vigorous  algas  are  immersed  in  a  solution 
of  this  salt  of  iron,  they  remain  green  for  a  considerable  time,  the 
cells  becoming  a  dark  blue  only  after  the  death  of  the  protoplasm. 
The  cells  of  Spirogyra  seem  to  display  great  variation  in  their 
tenacity  for  life.  In  a  green  filament  certain  cells,  either  adjoining 
or  separated,  may  be  seen  to  become  dark  blue  under  the  influence  of 
the  iron-salt.  The  position  of  these  cells  shows  that  their  taking  this 
colour  cannot  be  due  to  external  causes,  but  to  their  individual 
peculiarities,  to  the  degree  of  resistance  which  the  living  protoplasm 
offers  to  the  action  of  the  iron-salt.  After  a  time,  when  the  proto- 
plasm of  all  the  cells  is  dead,  the  whole  filament  is  coloured  dark 
blue.  Tannin  appears  therefore  to  be  here  an  essential  ingredient 
of  living  protoplasm. 

•  I/)c.  cit.  f  Loc.  cit. 

X  Bot.  Coiitralbl.,  xvi.  (1883)  pp.  157-8. 
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Hew  Species  of  BulbochfiDte.* — 0.  Nordstedt  describes  two  new 
roeoies  of  tiiis  genus.  The  first,  from  Brazil,  was  sterile ;  but  is  dis- 
tmgniBhed  from  all  known  species  by  a  whorl  of  spines  in  the  middle 
of  each  cell  except  the  basal  and  all  the  hair-cells.  The  other  species 
18  from  Australia,  where  it  grows  attached  to  CharacesB.  It  is  allied 
to  B,  mtnor,  but  is  characterized  by  peculiar  dwarf  males.  The 
terminal  cells  of  these  dwarf  males  bear  a  bristle ;  and  the  antheridium 
is  also  sometimes  divided  into  two  branches.  It  constitutes  therefore 
an  intermediate  form  between  those  with  unbranched  dwarf  males 
destitute  of  bristle,  and  the  ordinary  large  branched,  bristle-bearing 
plants,  the  antheridium  of  which  is  never  branched. 

Hew  Oenus  of  Osoillaries.t — ^Under  the  name  Borzia  trtloctdaris 
F.  Cohn  describes  a  new  oscillarian  alga  exhibiting  a  structure 
altogether  parallel  to  Bacterium.  It  forms  olivo -brown  masses  in 
fresh  water  inhabited  by  (Edogonium  and  other  algsB.  It  consists  of 
short  oblong  rods  which  oscillate  slowly  and  with  difficulty,  each  com- 
posed of  three  cells  filled  with  granular  phycochrome,  the  two  terminal 
cells  being  rounded  off.  By  cefl-division  the  number  of  cells  increases 
to  six,  and  each  rod  then  divides  into  two.  In  the  neighbourhood  of 
Breslau  it  shows  no  disposition  to  assume  a  filamentous  or  any  other 
condition. 

Vaucherin  of  Montevideo.^ — J.  Arechavaleta  has  studied  the 
species  of  Vaucheria  found  near  Montevideo,  of  which  he  gives  a 
detailed  description,  with  diagnosis  of  eight  new  species.  Some  of 
these  appear,  however,  to  be  identical  with  well-known  European 
species ;  and  of  others  the  description  given  is  deficient  in  some  points 
necessary  to  determine  whether  they  must  be  regarded  as  good 
species. 

€k)ngr08ira.§— N.  Wille,  who  has  found  Gongrotira  de  Baryana 
Bab.,  growing  on  Planorbis  and  PcUudinOf  has  proved,  by  cultivation, 
that  it  is  a  form  of  TrentepoMia  Mart.  {Chroolepua  Kg,).  The  bra*  ch- 
ing  resembles  at  first  that  of  Coleochcete  irregularis  or  Trent^hlia 
Sfl^fia,  forming  a  disk  of  cells  from  which  the  branches  rise.  In 
each  cell  is  only  one  nucleus ;  the  chlorophyll  is  parietal ;  sometimes 
a  few  drops  of  oil  occur  in  the  centre  of  the  cell.  The  cell-wall  is 
thiok  and  evidently  laminated,  and  readily  becomes  mucilaginous. 
Swarm-spores  are  formed  in  terminal  sporangia,  resembling  those  of 
Treniepoklia.  No  conjugation  was  observed,  nor  was  the  further 
development  of  the  spores  followed  out.  Propagation  takes  place  by 
single  cells  becoming  detached  from  the  vertical  branches,  and 
developing  directly  into  new  plants. 

The  organs  described  by  fiabenhorst  as  oogonia  the  author  believes 

*  8B.  Phytograph.  Gesell.  Lund.,  May  28,  1883.  See  Bot.  Centralbl.,  xri. 
(1888)  p.  95. 

t  J6.  Sollies.  Gesell.  Yaterl.  Cult.,  1883,  pp.  226-7. 

t  Anal.  Aten.  del  Uruguay,  iv.  (1883)  p.  18  (2  pis.).    See  Bot.  Ztg.,  xli.  (1883) 

p.  827. 

{  Ofven.  K.  Svensk.  VetenBk.  Akad.  Forhandl.,  1888,  pp.  5-20  (1  pi.).  See 
Bot.  Oentndbl.,  xvL  (1883)  p.  162. 
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to  be  reetmg-celk  similar  to  those  of  (kmfttta  paehyderma.  The 
immotile  reproductiye  cells,  which  are  formed  directly  withoat  any 
true  process  of  cell-formation,  he  calls  **  akinetes  "  ;  while  to  those 
formod  asexually  by  true  cell-formation  he  gives  the  term  *'  aplano- 
spores  " ;  they  germinate  directly,  or  after  a  period  of  rest.  Under 
cnltivation  Trentepohlia  umbrina  may  become  quite  green. 

Other  species  of  the  pseudo-genus  Gongratira,  Wille  refers  as 
conditions  of  species  belonging  to  different  genera  as  follows: — 
O,  dichotoma  EUtz.,  is  a  peculiar  aplanospore  condition  of  Vauckeria 
geminata  Walz. ;  Q.  clavaia  Elitz.  is  the  sporiferous  vegetatiTe  plant 
of  Boirydium  granulatum  ;  G,  ericetorum  Eiitz.  is  the  protonema  of  a 
moss ;  G.  ericetorum  v.  suhsimplex  Bab.  is  probably  a  Uloihrix  or 
Conferva ;  G,  pygmcBa  probably  a  Stigeodonium  ;  G,  Scleroeoecus  Etitz. 
{Stereococcus  virtdia  Eiitz.)  may  be  a  Trentepohlia;  G. protogenita  KHist, 
is  probably  the  palmella-form  of  a  Stigeoclonium ;  Beinsch's  species 
cannot  be  determined;  G.  onusta  Zell.  comes  near  Trentepohlia  de 
Baryana, 

Phyllosiphon  Arisari.* — M.  Franke  finds  this  parasitic  alga 
abundantly  on  the  leaves  of  Arisarum  vulgare  in  the  neighbourhood  of 
Messina,  and  elsewhere  in  Sicily  and  Calabria ;  but  it  appears  never 
to  attack  A.  italicum.  The  spores  are  capable  of  germinating  at  any 
period  of  the  year,  but  must  go  through  a  period  of  rest ;  the  larger 
spores  appear  to  divide  into  several.  They  alv^ays  attack  their  host 
by  penetrating  the  epidermis  between  two  cells,  which  they  force 
apart  by  their  germinating  filament.  The  restricted  conditions 
necessary  for  the  germination  of  the  spores  greatly  diminish  its  de- 
structive effects. 

Occurrence  of  Crystals  of  Gypsum  in  the  Desmidiese.t  —  The 
occurrence  of  crystals  of  calcium  sulphate,  endowed  with  a  peculiar 
**  dancing  *'  motion,  has  long  been  known  in  the  terminal  vesicles  of 
Closierium  and  in  other  desmids ;  the  phenomenon  has  now  been  care- 
fully investigated  by  A.  Fischer.  Their  chemical  constitution  was 
clearly  established  by  different  tests.  They  are  always  quite  isolated 
from  one  another,  and  occur  in  all  parts  of  the  cells,  though  in  the 
greatest  quantity  in  the  terminal  vesicles;  they  are  either  carried 
along  passively  by  the  currents  of  protoplasm,  or  they  "  swarm  "  in 
the  space  filled  with  cell-sap  between  the  cell-wall  and  the  radiating 
chlorophyll-bodies ;  these  vesicles  are  not  true  vacuoles,  but  portions 
of  the  cell-sap  space.  The  crystals  are  not  formed,  nor  do  they  grow, 
in  this  vesicle,  but  reach  it  in  a  mature  condition  from  some  other 
part  of  the  cell,  being  formed  apparently  in  the  furrows  between  the 
bands  of  the  chlorophyll-bodies ;  from  here  they  are  carried  to  the 
terminal  chambers  by  the  protoplasmic  currents. 

Fischer  found  these  crystals  in  all  the  species  of  Closterium  which 
he  examined  ;  also  in  various  species  of  Cosmarium  (though  individuals 
are  often  entirely  destitute  of  them),  their  form  being  the  same  as  in 
Closterium.     They   occur  also  in   Micrasterias,  Euastrum,  in  which 

•  JB.  Schlea.  Gesell,  Vaterl.  Cult.,  1883,  pp.  195-7.  Cf.  this  Jouraal,  ii  (1879) 
p.  606 ;  ii.  (1882)  p.  391 ;  iii.  (1883)  p.  108. 

t  Pringshoim's  Jahrb.  f.  Wigs.  Bot.,  xiv.  (1883)  pp.  133-84  (2  pis.). 
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genera  also  they  are  not  inyariably  present,  and  always  in  Pleuro- 
tontmn,  Penium,  and  Tetmemorus,  but  were  absent  from  all  the 
specimens  examined  of  Staurastrum,  Degmidium,  and  Hyalotheca.  They 
appear  to  be  entirely  confined  to  the  Desmidieie,  other  fresh-water 
algse  containing  calcium  oxalate,  especially  species  of  Spirogyra^  but 
not  calcium  sulphate. 

The  absence  of  crystals  of  calcium  sulphate,  either  occasionally 
or  regularly,  does  not,  in  the  opinion  of  the  author,  imply  the  absence 
of  the  salt ;  since,  from  its  solubility  in  water,  it  may  be  present  in 
the  cell-sap.  The  zygospores  of  Closterium  were  always  found  to 
contain  crystals.  Csdcium  sulphate  is  an  excretory  product  in  the 
process  of  metastasis,  corresponding  to  the  production  of  calcium 
oxalate  in  the  higher  plants ;  and  tibe  quantity  excreted  determines 
whether  it  shall  remain  entirely  dissolved  in  the  cell-sap,  or  whether 
a  portion  of  it  shall  separate  in  the  form  of  crystals. 


MICROSCOPY, 
a.  Instruments,  AcceMorie0«  Ac. 

''Giant  Electric  Microscope.** — One  of  the  attractions  at  the 
Orfatal  Palace  is  what  is  advertised  as  ''  Les  Invisibles  in  the  Giant 
Electric  Microscope."  We  take  the  following  description  from  a  daily 
paper,*  no  other  description  being  forthcoming.  *'  A  number  of  gentle- 
men assembled  at  the  exhibition  court  of  the  Crystal  Palace  on 
Saturday,  by  invitation  of  the  directors,  to  witness  the  first  repre- 
s^itation  in  England  of  'Les  Invisibles,'  an  exhibition  of  natural 
objects  magnified  and  displayed  by  means  of  the  great  electric 
Microscope.  The  apparatus  used  in  the  exhibition  is  the  invention  of 
Messrs.  Bauer  and  Co.,  and  'Les  Invisibles'  has  quite  recently 
attracted  a  good  many  visitors  to  the  old  Com^die  Parisienne,  where, 
as  well  as  at  the  Athenieum  at  Nice,  a  series  of  representations  has 
been  given.  The  invention  may  be  described  in  a  few  words  as  being 
the  application  of  electric  light  to  the  Microscope,  and  the  result,  so 
far  as  the  spectacle  is  concerned,  is  a  sort  of  improved  and  enlarged 
magic  lantern.  Every  one  is  familiar  with  the  former  exhibitions  at 
the  Polytechnic  and  elsewhere  of  the  animalculsB  (sic)  in  a  drop  of 
water,  magnified  and  thrown,  by  the  aid  of  the  lime-light,  on  to  a 
white  screen.  Precisely  the  same  sort  of  effect  was  produced  on 
Saturday  by  Mr.  F.  Link,  the  London  agent  for  Messrs.  Bauer  and 
Oo^  with  this  difference,  that  the  magnifying  power  was  enormously 
in  excess  of  that  attained  in  the  old  magic  lantern  entertainments. 
The  electric  Microscope  has,  in  fact,  made  it  possible  to  exhibit  in  a 
most  attractive  form,  the  appearances  presented  by  minute  natural 
olgectB  when  placed  under  the  most  powerful  magnifying  glass. 
Indeed,  the  difficulty  with    which  Mr.  Link  had  to  contend  on 
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Batnrda;  waa  tbe  smaUneea  of  the  soreen  npon  which  his  picttma 
were  thrown.  For  inBtance,  only  a  sm&ll  BectioQ  of  a  butterfl  j*!  wing 
conld  be  ebown  at  a  time,  although  tbe  Boreen  was  aa  large  as  the  sise 
of  tbe  entertainment  conrt  wonld  permit,  whilst  the  living  organinns 
in  a  Bpot  of  water  and  the  mites  in  a  small  pieoe  of  cheese  wen 
enlarged  until  they  presented  a  perfectly  appalling  spectacle  to  a 
timid  mind.  The  capabilities  of  the  apparatas  may  be  imagined  £rom 
the  fact  that  the  eye  of  a  fly  was  presented  in  a  form  no  leas  than  four 
million  times  its  natural  size.  The  electric  Microscope,  whioh  ia 
worked  by  an  ordinary  primary  battery,  maybe  said  to  have  extended 
almost  indefinitely  the  possibilities  of  presenting  in  an  attractiTO  and 
instraotiTe  manner  the  wonderful  facts  of  naturt^  science." 

Aylward'B  Ratating  and  Swinging  Tail>piooe  HioroMope.— Ur. 
H.  F.  Aylward  baa  added  a  new  movement  to  the  radial  swinging 


tail-piece.     Not  only  do  the  mirror  and  the  snbstage  swing  on 
separate  tail-pieces,  eilher  abovj  or  below  the  stago,  but  they  can  also 
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be  rotated  oompletelj  rotmd  the  stage,  bo  that  the  direotian  of  the 
illatDuwtioii  in  asimath  oau  be  more  readilr  Taxied  than  is  the  case 
vith  Zentmayer'fl  form  of  tail-pieoe. 

Hie  stage  oonsists  of  a  fixed  ring  attached  to  the  limb  hj  an 
■aigle-[date  of  brasa  ;  this  ring  oarriea  above  it  the  rotating  objeot- 
■taga,  and  beneath  a  rotating  collar  is  fitted,  which  has  a  ahoalder 
attachment  at  right  angles  carrying  the  two  tail-piecee  on  an  axis 
■lightly  aboTe  the  plane  of  the  object-stage,  and  allowing  of  their 
rotation  roond  the  optic  aria.  The  angle-plate,  by  which  the  stoge- 
nng  is  fixed  to  the  limb,  ia  so  arranged  that  the  ehonlder  carrying  the 
tail-pieces  will  pass  behind  it,  and  there  is  therefore  ao  obatniotion  to 
OCTD^Ote  rotation. 

This  plan  of  sospending  tiie  tail-pieces  is  &r  more  oonTcnient 
than  that  devised  by  L.  Janbert,*  or  that  of  J.  Mackenzie.| 

MoLaren'a  Kioroioope  with  Ketating  Foot — Ur.  A.  MoLareD 
has  devised  a  simple  plui  of  giving  greater  stability  to  Microsoopes 


raoanted  on  a  pillar  support  on  a  horse-shoe  foot,  which  are  very 
liable  to  be  orertomed  when  mnch  inclined  &om  the  perpendicolar. 
'Tbe  plan  oonsiBta  in  makiDg  the  foot  rotate  at  its  jnnction  (fig.  9,  A) 
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with  the  pillar  support,  so  that  when  the  Microeoope  is  required  to 
be  nsed  much  inclined  the  horse-shoe  btse  oan  be  tnmed  roand  u 
shown  in  tho  fig.  This  increases  the  stability  of  the  Microsoope,  and 
adds  BO  little  to  the  original  cost  that  the  makers  of  these  inezpenaifo 
forms  may  profitably  adopt  the  suggestion. 

Mr.  McLaren  also  nses  a  system  of  fine  adjustment  applied  at 
the  nose-piece  (shown  in  the  fig.),  consisting  of  a  ring  fitting  in  the 
lower  end  of  the  body-tube,  in  which  the  nose-piece  proper,  carrying 
the  objective,  is  screwed  by  means  of  a  yery  fine  screw,  200  threads  to 
the  inch.  The  focusing  is  effected  by  turning  the  nose-piece  either 
way,  by  which  the  objective  is  raised  or  depressed  very  slowly  owing  to 
the  fine  pitch  of  the  screw.  By  this  system,  which  is  also  applied  to 
some  old  forms  in  our  possession,  the  objective  is  made  to  rotate  with 
every  movement  of  focusing,  which  cannot  be  commended. 

8chieck*8  Reyolver  School  and  Drawing-room  Kierosoopa. -* 
Winter*8  and  Harris's  Bevolver  Kicrosoopes. — F.  W.  Sdhiedk  has 

just  issued  the  Microscope  shown  in  fig.  10  a  and  b,  intended  for 
school  and  drawing-room  demonstration.  The  peculiarities  of  the 
instrument  are  fully  set  forth  by  Herr  Schieck  himaftlf  in  the  fciir 
lowing  statement  (translated),  which  also  includes  some  very  original 
directions  for  preparing  objects : — 

**  The  management  of  a  Microscope  of  the  ordinary  construction, 
with  fixed  stage,  movable  tube,  different  eye-pieces,  objectives,  Ac, 
offers,  in  most  cases,  so  many  kinds  of  difficulties  to  the  lay  public^ 
especially  to  young  students,  in  the  inspection  of  the  preparations 
accompanying  the  Microscope,  and  in  the  adjustment  of  the  image* 
but  especially  in  the  self-preparation  of  objects,  that  this  important 
and  interesting  instrument  has  not  yet  attained  that  position  either 
among  our  intelligent  youth,  or  in  our  dravring-rooms,  as  an  object 
of  instructive  entertainment,  which  befits  its  high  ethical  importance. 
The  management  of  the  Microscope  has  even  been  found  so  intricate, 
tliat  in  consequence  (as  I  have  had  the  opportunity  of  seeing  on 
numberless  occasions)  it  has  been  very  soon  put  aside  again,  after  a 
short  trial. 

My  new  Microscope  entirely  removes  this  disadvantage.  It  is 
of  such  simple  construction,  and  its  management  so  thoroughly  easy, 
that  any  one,  even  without  any  previous  acquaintance  with  the  use  of 
a  Microscope,  is  able  to  observe  with  it,  as  well  as  to  make  for  hiwufplf 
beautiful  microscopical  preparations. 

The  new  Bevolver  Microscope  has,  instead  of  a  stage,  a  vertical 
drum,  turning  on  its  axis  (like  the  chambers  of  a  revolver),  in  which 
twenty  different  very  beautiful  and  instructive  preparations,  from  the 
three  natural  kingdoms,  are  arranged,  which,  on  turning  the  drum, 
are  brought  successively  into  the  field  of  view  of  the  Microscope. 
The  movable  mirror  is  in  the  centre  of  the  drum,  and  is  easily  and 
conveniently  adjusted. 

The  Microscope  is  provided  with  a  hinge  for  inclining  the 
stand,  so  as  to  be  able  to  observe  conveniently  whilst  sitting. 

The  twenty  preparations  are  numbered,  and  an  explanation  of 
them  accompanies  each  Microscope. 
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As  the  MioKwoope  Lm  only  one  objective,  and  one  eye-pieoe, 
ud  therefore  only  admits  of  ft  fixed  magnifying  power,  a  speoial 
foonsing  arrangement  ia  not  neoesgary.  The  tube  of  the  Mioroscope 
is  so  fixed,  thftt  the  image  of  the  preparation  is  always  in  the  field  of 
Tiew  of  the  eye-pieoe,  aud  only  in  the  case  of  differences  in  the  eyes 
gf  obeerrers  is  a  small  shifting  of  the  tnhe,  amounting  to  a  few 
miUimetres,  requisite.      For  this  purpose  the  body-tube  is  easdy 

*   1  with  the  hand  np  or  down,  guided  by  a  pin  working  in  the 


t  elit  in  its  sheath,  without  over  thereby  losing  sight  of  the 
image  of  the  preparation,  as  happens  with  other  Mioioscopee. 

The  magnifying  power  is  such  that  most  popular  objects  oan  be 
Men  distinctly  and  perfectly.  The  images  are  of  unsnrjwssed  sbarp- 
DSM  and  deamess. 

The  field  of  view  is  very  large,  and  all  preparations  which  am 
not  more  than  i  nun.  in  diameter  can  be  seen  entire  at  one  Tiew. 
An  entirely  special  advantage  of  this  new  Mioroeoope  is   the 
'mple  manner  in  whioh  the  teacher  or  stndent  is  enabled 
-Vol.  IV.  I 
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by  its  means  to  prepare  by  himself  a  new  series  of  twenty  preparations 
at  pleasure.  The  nitherto  general  practice  of  laying  the  object  to  be 
inspected  on  large  glass  slides,  and  fastening  over  them  the  thin, 
round  or  square,  cover-glasses,  presented  so  many  difficulties  that  a 
preparation  seldom  succeeded  woU,  especially  if  it  were  put  up  for 
any  length  of  time. 

With  each  of  my  new  revolver  Microscopes  is  given  a  seoond  stage- 
drum,  with  twenty  empty  apertures,  and  a  sufficient  number  of  small 
round  glasses  and  spring-rings  for  firmly  fixing  the  preparations. 
The  stage-drum  with  the  preparations  already  attached  to  the  Micxo- 
scope  is  unscrewed  from  the  milled  disk,  and  the  second  empty  drom 
put  in  its  place. 

llio  insertion  of  a  new  object  is  so  exceedingly  simple,  that  direc- 
tions for  it  seem,  properly  speaking,  superfluous.  In  the  first  place 
a  small  round  glass  is  washed  dean,  and  with  the  forceps  belongjng 
to  the  Microscope,  is  laid  in  one  of  the  apertures,  then  the  object  to 
bo  examined  is  laid  in  the  middle  of  this  glass,  either  dry  or  with 
mounting  liquid  (glycerine,  gelatine,  Canada  balsam,  or  in  cases  where 
only  a  rapid  observation  of  an  object  is  required,  even  water,  spirit^ 
&c.),  and  covered  with  a  second  previously  cleaned  glass,  fastened  down 
with  a  spring-ring  which  goes  into  a  small  groove  made  for  it,  and 
the  preparation  is  ready.  (!)  It  must,  however,  be  here  observed 
that  all  hard  objects  (especially  insects)  must,  in  order  to  succeed  well, 
be  previously  heated  for  a  few  seconds  in  a  small  reagent  glass,  with 
caustic  potash  over  a  spirit  flame,  by  which  means  the  prepaiatioiiB 
become  soft  and  quite  transparent. 

The  preparations  are  perfectly  protected  from  dost  by  a  pacteboaid 
cover,  and  care  must  be  taken  always  to  replace  the  cover  over  the 
stage-drum,  after  using  the  Microscope.  If,  in  spite  of  this,  dost 
should  after  a  time  faU  upon  the  preparations,  it  must  be  carafully 
brushed  away  from  both  sides  by  the  soft  hair  brush  accompanying 
each  Microscope ;  any  other  cleaning  of  the  preparations  is  neyer 
necessary. 

If  desired  these  Microscopes  can  be  supplied  with  special  objects 
previously  given  me  to  prepare,  and  for  the  requirements  of  schools 
the  stage -drum  can  be  fitted  with  botanical,  zoological,  or  miners- 
logical  preparations.     Price  according  to  agreement. 

This  entirely  new,  and  in  every  respect  original  and  practical 
Microscope  ofiers  to  every  one  such  a  fund  of  entertaining  and  in- 
structive matter,  and  will  prove  to  the  teacher  as  well  as  the  student 
such  an  inexhaustible  source  of  suggestive  occupation,  by  which  to 
pass  the  leisure  hours  usefully  and  pleasantly,  that  there  is  soaroely 
anything  better  fitted  for  a  present,  always  gladly  seen,  especially  bjr 
the  ripening  student.  The  price  is  fixed  as  low  as  possible,  and  con- 
sidering the  prices  ruling  here  may  be  called  very  cheap." 

Herr  Schieck  intended,  we  have  no  doubt,  to  be  strictly  aocorate 
when  he  announced  his  instrument  as  *'  entirely  new  "  (gatut  neu)  and 
*'  in  every  respect  original."  But  it  was  in  fact  anticipated  by  two 
now  in  Mr.  Crisp's  collection,  which  were  made  more  than  fifty  years 
ago,  by  T.  Winter  (simple)  and  Harris  and  Son  (compound,  fig.  11). 
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They  ta&  in  principle  identical  with  tfaftt  of  Schieok.  The  reTolving 
object-holder  is,  however,  mode  of  ivory.  Bud  is  mnch  larger,  being 
4^  in,  in  diameter  and  1^  in.  wide.  There  is  also  a  doable  row  of 
apertores  for  the  objects — one  row  for  traneparent,  and  the  other  for 


opaque — so  Uiat,  instead  of  20,  it  holds  41  objects.  There  is  also 
st  one  point  of  the  oironmference  an  intermediate  set  at  apertnrea,  ap- 
parently for  inaerting  fiirther  objeots  on  diska,  corks,  &o.  (In  Winters 
there  is  &  complete  tow  of  19  of  these  apertores,  10  with  corks). 

Wiakel'i  Large  Drawing  Apparstu.*  —  This  (fig.  12)  is  in- 
tended  fbr  drawing  objects  under  a  low  power,  and  also  without 
any  magnifioatiou.  On  the  side  of  the  standard  A,  and  above  the 
stage  T  and  mirror  8,  is  a  cross-arm  B  carrying  a  lens  L,  and  over  it 
a  raaU  right-angled  prism  P,  which  acts  as  a  camera.l  On  the  other 
nde  there  is  a  longer  arm,  ^so  with  a  prism  for  drawing  objeote  in 

•  Dippel'i '  Dm  Mitooakop,"  1882,  pp.  ftta-S  (1  flg.>- 

t  The  text  *Ute*  P  to  b«  a  prism  (protected  bj  a  ring)  though  the  flg. 
haidlj  Bsreea. 
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Bktiml  axe.  The  anna  can  be  niaed  and  lovered  bj  the  aUding 
within  A  of  the  aapport  to  which  they  are  attached,  the  aoew  on  Om 
ri^t  clamping  it 


Jnng'i  Hew  Drawing  Apparatui  (Smhryo^ph)  for  Low 
Foven>* — H.  Jong  was  iadnoed,  by  the  inconveiuent  or  ineAotiTe 
Mrformanoe  of  other  drawing  apporatos,  to  oonstmot  a  new  one 
(fig.  13)  in  accordance  with  the  Mendly  advice  of  Profeasor  t.  Eoob, 
giving  powers  of  about  1  to  20  or  1  to  30  in  oontinnons  snooossion. 

Upon  the  heavy  Bquare  iron  foot  rests  (beeidea  the  oolmnn  and  th» 
bar  P,  movable  by  rack  and  pinion)  a  ooncave  mirror  to  iUtmiinato 
transparent  objects.  The  latter  is  80  mm.  in  diameter,  and  ooniiato 
of  a  plano-convex  lens  silvered  at  the  back.  It  is  suppOTted  on  a 
hinge-joint,  which  is  attached  to  a  short  rod  fitting  into  ■  sprini^ 
tube  h,  and  this  is  eerewed  to  a  carrier  T  having  a  ^ngitodiniJ  sloL 
The  carrier  rests  on  the  foot  to  insnre  greater  stalolity,  and  on 
loosening  the  screw  8  which  clamps  it,  it  can  be  moved  so  aa  to  obtaiii 
any  dea^ed  position  of  the  mirror,  either  by  tomiag  it  roond  tlie 
screw  as  a  pivot,  or  by  sliding  it  along  the  slot 

Upon  the  oolmnn  is  a  stage  75  mm.  deep,  and  108  nun.  vnde. 
The  stage,  instead  of  a  round  aperture  in  the  centre  has  a  L 

*  ZeitKhr.  t.  iDilmmentenk.,  iii.  (1883)  pp.  165-7  (2  flgi.). 
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apertnie  10  mm.  wide,  which  out  he  wholly  or  parti&Ily  ooreied  hj  two 
sliding  pUtefl. 

A  Bpecisl  Brucka  magnifier  (with  TBriable  power)  eorews  on  the 
urn  U.     The  arm  has  also  a  spring-tube  into  whioh  a  amaller  minor 


Ota  be  inaerted.     Thia  ia  for  illnminating  opaque  objects,  and  reoeivea 

its  light  fnHD  the  lai«er  mirror  helow.    The  focus  of  both  mirrors  ia 

■0  legnUted  that  with  high  powera 

Om  theoreticttllj  possible  maxi-  p<jQ,  ^4, 

mum  of  illnmination  can  always 

be    neuly  attained.      For   rery 

WGftk  illnmination  there  ie  on  one 

nde  a  plate  of  opal  glass.     "  The 

mirror  has  the   great  advantage 

OTsrordiDa^  illuminating  lenses 

that  the  fieM  of  view  is  always 

•omowhat  faintly  and  evenly  illn- 

minated,  which  extraordinarily  facilitates  the  visibility  of  many  natural 

ol^eeti  which  have  not  sharp  outlines."  Thenpper  mirror  can  ibe  placed 

in  any  position  with  regard  to  the  axis  of  the  lower,  and  can  besides, 

for  spemal  objects,  be  pnt  in  the  apring-tnbe  of  the  lower  mirror. 
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The  Briieke  leu  t«pri»to  of  two  wjuomfttio  otgeotiTe  leiues  and 
ft  eaacKn  ere-leiu.  The  olgeetiTe  lenaes  emu  ba  mored  sput  or 
broo^t  neikrer  to  one  uiotber  by  taming  the  ring  B.  In  the  nma 
wmy  the  eye-lena  cut  be  placed  *t  Tuioiu  dirtanoee  fonn  the  objective 
I7  poshiag  the  tabe  N  np  or  down.  Thia  tnbe  is  so  sprung  in  the 
inner  Culetiing  that  b;  a  aomewhat  firm  pre«aing  together  of  the 
two  knobs  It,  the  frictiun  of  the  two  tahea  ia  leaaened  and  an  eaaj 
and  smooth  moTcment  i»  obtained.  For  vety  low  powen  the  lower 
objectiTe  lena  can  be  remored.  By  thia  combination  and  also  two 
stronger  ejre-pieoea  all  gradations  of  power,  in  the  given  limits,  can  be 
obtained,  lie  extent  of  the  field  of  view  is  in  inrerw  mtio  to  the 
power  within  the  limits  of  G5  to  7  mm. 

For  conTenicnt  drawing  a  camera  Incida  is  attached,  which  like 
Zeies's  allows  the  drawing  Bor&ce  to  be  inclined  abont  22°  to  the 
table.     On  turning  the  ring  B,  or  on  moving  the 
Fic.  I3l  tnbe  to  alter  the  power  the  camera  always  remains 

in  tlie  same  position  with  regard  to  the  ocnlar  and 
the  drawing  surface,  which  is  claimed  to  be  "an 
adTmntage  not  to  be  Trnderralued,  and  not  coasidered 
in  many  inBtmmenta." 

In  order  to  nse  the  instmment  for  dissecting 
there  are  hand-rests,  nude  to  be  eaailj  removed. 
They  consist  of  two  hollow  boxes  (fig.  II)  abont  2/3 
the  height  of  the  stage.  They  are  attached  by  Uie 
botton-hcaded  screws  c  to  the  foot  of  the  instm- 
ment, being  inserted  in  the  holes  e,  and  c, 
Ib  (fig.  13)  and  the  hinged  tops  can  be  set  at  difiereat 
inclinatioDB  by  the  snpport  and  rack. 

Zeiu'e  Xicrometer  Eye-pieoe. — This  (fig.  16) 
is  noticeable  for  the  manner  in  which  the  micro- 
meter disk  is  inserted.  The  eye-pieoe  divides  a 
little  below  the  middle  of  its  length,  and  has  as 
additional  piece  bettToon  the  upper  and  lower  portions  to  which  they 
are  screwed.  In  this  the  micrometer  disk  is  placed.  The  eye-leas 
is  also  in  a  sliding  tnbe  for  adJDstmeut  to  difibrent  sights. 

finllooh't  ObjectiTS  Attachment — Mr.  W.  H.  Bnllooh  has  de- 
vised the  objective-attachment  ehonn  in  figs.  16  and  17.  A  is  the 
noeo-piece  adapter  to  screw  on  the  Microscope,  and  B  ia  the 
ring,  provided  with  three  wedge-Bhaped  studs,  to  be  screwed  on 
the  objective.  Throe  slots  are  cut  in  the  body  of  the  lower 
cylinder  of  the  nose-piece  A,  and  three  similar  slots  in  the  inward 
projecting  rim  of  a  rotating  collar.  When  the  two  sets  of  slots 
correspond,  the  ring  B,  with  the  objective  attached,  can  be  slid 
into  the  noeepieco,  and  then  the  studs  are  locked  firmly  by  a  slight 
turn  of  the  rotating  collar,  wliich  causes  its  projecting  rim  to  slide 
over  the  ooter  halves  of  the  studs.  By  reasou  of  the  wedge  form 
given  to  the  studs,  the  collar  can  be  made  to  press  down  upon  them 
with  more  or  less  force.  The  objective  cannot  be  removed  from  the 
nose-piece  until  the  rotating  collar  is  turned  bock  to  the  normal  posi- 
tion, releasing  the  studs. 
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With  this  device  both  hands  mnat  be  need  either  in  attaching  or 
XCmoTing  the  objeotiTe^  and  no  providon  is  nude  to  insure  kcctmcj 
of  centenng.    In  the  apparatus  from  which  the  aboTe  description  wu 


made  the  objeotiTo  had  a  lateral 
play  at  the  slionlder  of  abont 
1/50  in,  when  the  collar  was  se- 
cnred  with  moderate  force.  Such 
loose  fitting  would  be  foaud  very 
inconvenieat  in  the  registration 
of  the  poaitions  of  small  objects 
wiUi  high  powers.  Altogether,  we  cannot  but  think  that  the  appa- 
ratna  is  more  complicated  than  is  at  all  nocesBarj.  Wbikt  it  Las 
the  fltnda  of  Nelson's  form  it  lacks  the  simplicity  of  tho  turn  of  tho 
objectiTO  with  the  same  hand  that  holds  it,  and  whilst  it  has  the 


Ming  oollar  of  the  Watson-MatthewB  form  (amply  sufficient  to  hold 
th»  objeotiTe^  it  has  the  additional  complication  of  studs  in  place  of 
a  simpla  conical  fitting. 

Abb«'i  Camera  Lnoida.*— O.  Kohl  gives  the  annexed  fig.,  18,  of 


what  he  terms  "  Boecker's  new  drawing  apparatus  after  Dippel,"  but 
whidi  is  in  reality  Profceeor  Abbe's  Camera  Lucida.t 
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The  novelty  coiiBista  in  the  introdnetiouoftbe  tinted  glMS  plates* 
r  r  r  in  the  paUi  of  the  njB  from  the  miiror.  Also  the  npper  part 
of  the  appantuB  (mirror  p,  its  arm  a,  the  glasses  rr  r,  and  tiie  plats 
o  t)  is  movable  on  the  pivot  q  npon  the  lower  plate^  which  fonna  part 
of  the  tube  h  fiiod  to  tbo  eye-piece  bj  k. 

Hillar's  Multiple  Btage-plat«. — The  object  of  this  atago-plats 
(fig.  10)  is  to  facilitate  the  ^Hbition  of  a  aeries  of  slides  so  that 
they  maj  be  ebserved  ancoessivelj  withont  having  to  remove  and 
replace  each  object  separately. 

The  base-plate  slidos  on  the  stage  after  the  upper  stage-plate  is 
taken  oS,  and  it  holds  six  slides.     Eaoh  of  these  is  fixed  by  two  small 


screws  (passing  through  the  two  longitadinal  bars)  which  press  die 
elide  against  springs  attached  to  the  base-plate,  there  being  six  sidings 
beneath  each  bar.  The  bofie-plate  can  be  r^dily  pushed  in  eitfier 
direction  by  the  hand  when  it  is  desired  to  examine  a  different  objeoL 
The  mechanical  muvements  of  the  stage  will  bring  various  porta  of 
an  object  into  the  fiold,  but  it  is  easy  to  sdjnst  eaoh  slide  on  the 
plate  in  the  first  instaaco  so  that  the  object  shall  be  central  with  the 
optic  axiB,  tltere  being  sufficient  spare  room  to  move  the  slide  both 
laterally  and  vertically. 

Stewart's  Safety  Stage-pUt«. — This  very    simple  device   (fig. 
20)  was  designed  by  ]t(r.  C.  Stewart  to  provide  an  economical  bnt 


efi'ective  arrangement  for  protecting  slides  &om  breakage  whan  hong 
exhibited  under  high  powere  to  large  classes  of  stndents. 

It  consists  of  a  wooden  slip  the  length  of  an  ordinary  slide  Mtd 

•  See  thi>  Joumnl,  iii.  (1883)  p.  119. 
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nther  wider,  with  a  central  aperture  and  two  side  pieces  {\  in.  high), 
capped  with  thin  strips  of  brass  projecting  at  either  end  of  the  up- 
rights as  shown  in  the  fig.  Across  the  projecting  ends  two  smidl 
indianibber  rings  are  stretched  and  the  slide  is  passed  through  these 
rings  and  thus  suspended.  If  now  the  objectiye  is  brought  down  on 
the  slide  the  latter  sinks  on  the  least  pressure  and  ample  warning  is 
giTen  to  the  obserrer. 

Parsons*  Current-Slide. — Mr.'  P.  B.  Parsons  has  devised  the  new 
fonn  of  current-slide  shown  in  figs.  21  (section)  and  22  (perspectiTe), 
which  he  describes  as  follows : — 

**  The  slide  consists  of  two  plates,  pierced  with  central  apertures 

Fio.  21. 
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surrounded  by  tubular  projections,  and  fitting  together  like  a  live-box. 
The  top  one  is  raised  or  lowered  by  a  milled  head  fixed  to  the  lower 
one  and  working  in  a  thread  cut  on  the  tube  of  the  upper.  Two  pins 
prevent  the  plates  from  coming  apart  or  turning  on  each  other. 

The  top  plate  has  a  hole  at  one  end  for  the  water  supply  and  a 


Fig.  22. 


similar  hole  on  the  other  for  the  waste,  a  piece  of  movable  brass  tube 
fitting  into  each. 

^e  supply  tube  has  a  valve  for  regulating  the  quantity  of  water 
admitted,  and  beyond  this  is  an  indiarubber  pipe  connected  with  the 
water-vessel.  A  double-necked  bottle  is  very  convenient,  so  that  a 
fresih  supply  of  any  fluid  can  be  introduced  without  disturbing  any- 

ihittg^ 

The  advantages  of  this  arrangement  are : — 

1.  The  depth  of  the  cell  is  easily  adjusted  while  on  the  stage, 
and  the  object  can  be  brought  within  reach  of  fairly  high  powers  by 
afanply  reducing  the  depth  of  water  to  a  thin  film.  When  not  under 
examination  with  such  powers  the  cell  can  be  deepened,  giving  plenty 
of  space  with  a  constant  current  of  fresh  water,  and  yet  enabling  the 
obaerfer  to  keep  the  object  in  view  with  a  lower  power. 

2.  The  diameter  of  the  ceU,  while  large  enough  for  all  ordinary 
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jinirnnrin.  irlmitn  rf  fhn  nnnnf  Trrythin  nnrnr  claiann.  '006  or-OOibk, 
and  when  the  cell  is  screwed  up  an  1/8  in.,  1/10  in.,  or  erea  1/13  in. 
might  be  used  if  required. 

3.  The  water  snppl;  is  perfectly  under  control,  snd  u  there  ii 
at  the  same  time  no  filtering  action,  the  object  can  be  rapplied  with 
water  contuining  anything  neceaaary  to  the  life  of  the  object. 

4.  Tho  current  ia  not  interfered  with  by  redndng  the  depth  of 
theoclL 

6.  Objects  can  be  easily  put  in,  taken  oat,  or  manipulated  in  any 
way  by  stopping  tho  supply  and  sliding  the  glasa  ooTer  (which  t^ 
proferoDce  nhonld  be  square)  downwards  till  the  opemng  is  la^ 
onongh  to  do  what  is  required.  To  replace  the  cover,  slide  it  up  Iffl 
there  is  tho  least  possible  opening  left  and  then  fill  up  any  aii^fipaoe 
in  the  cell  with  water  from  a  fino  syringe  before  poshing  it  quite  orer 
tho  edgo.  If  tho  under  side  of  tho  cover-glass  be  slightly  greased  at 
the  comers  there  will  bo  no  risk  of  it  floating  off. 

This  elide  is  manufactured  by  lUCeaars.  Swift  and  Bon,  and  can  be 
made  of  varying  depth  and  diameter  to  suit  special  purpoeea." 

Stokes's  Growing-cell.* — Dr.  A.  0.  Stokes  cements  to  a  slide  a 
disk  and  two  rings  made  from  coTer-g1aEs,t  the  rings  having  a  small 
piece  broken  away  from  each  and  arranged  as  shown  in  fig. 

To  nse,  place  on  tho  central  disk  a  small  drop  of  the  water  con- 


tuning  the  organisms  to  be  kept  alivo,  and  over  it  arrange  a  large 
square  cover,  taking  pains  to  prevent  the  water  from  overflowing  into 
the  inner  annalar  apace.  With  a  camel's  hair  pencil  carefully,  and  in 
small  quantities,  add  fresh  water  at  the  top  or  side  of  the  square, 
tmtil  the  space  covered  by  the  latter  and  bounded  by  the  outer  ring 
is  filled.  It  will  be  found  that  this  water  will  flow  between  the 
square  and  the  upper  surface  of  the  exterior  ring,  will  enter  through  the 
break  in  the  latter,  partially  filling  the  outer  annular  space,  and  by 
capillary  attraction  will  occupy  a  part  of  the  vacancy  between  the 
cover  and  the  interior  ring,  as  ^own  by  the  diagonal  lines  in  fig.  S3, 
but  mless  too  muoh  water  is  used,  or  is  supplied  m  too  great  quantities 
at  a  time,  it  will  not  pass  tho  opening  in  the  inner  ring,  thus  leaving 
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an  abimdaiioe  of  air  to  supply  the  animal  life  under  observation.  The 
imprisoned  air  at  once  becomes  saturated  with  moisture,  as  evidenced 
by  the  fogginess  of  the  cover ;  the  central  drop  cannot  evaporate,  and 
the  external  water  will  not  come  in  contact  with  it  if  care  is  taken  in 
filling  and  in  adding  that  lost  by  evaporation.  When  not  in  use,  the 
slide  is  placed  across  a  small  vessel  of  water,  a  double  and  twisted 
tiffoad  arranged  in  contact  with  the  edge  of  the  square  cover,  and  the 
whole  left  for  another  examination  at  some  future  time. 

■nun's  Pillar  and  other  Slides.  * —  Dr.  R  J.  Nunn,  under  the 
heading  of  ^  The  PiUar-Slide — a  new  glide  for  the  Microscope^'*  writes, 
"  Every  microscopist  knows  the  difficulty  of  estimating  exactly  the 
amount  of  fluid  which  will  completely  fill  the  space  between  a  cover 
and  the  slide,  and  consequently  a  bibulant  must  be  applied  to  absorb 
the  excess  almost  always  present.  This  takes  a  little  time,  which,  to 
one  who  has  many  examinations  to  make,  and  who  is  otherwise 
pronood,  is  a  matter  of  some  importance. 

The  following  is  a  description  of  a  slide  intended  to  obviate  this 
difficulty : — 

Take  a  small  thick  cover  (round  or  square,  as  desired)  and  cement 
it  on  the  centre  of  a  slide  with  Canada  balsam.  Let  this  harden 
thoroughly  so  that  the  cover  will  not  slip  during  warm  weather,  and 
also  to  prevent  water  insinuating  itself  between  the  glasses  during 
the  firequent  washing  to  which  it  will  be  subjected.  Of  course  it 
TTould  be  better  to  have  these  little  pillars  ground  upon  the  slides, 
l>ut  with  care  in  using  them  the  cemented  ones  will  answer  every 
puzpose. 

A  drop  of  the  fluid  to  be  examined  is  placed  upon  the  pillar  just 
deacribed,  a  cover  larger  than  the  pillar  is  placed  upon  it,  when  it 
will  be  seen  that  the  excess  of  fluid  flows  into  the  annular  space  sur- 
rounding the  pillar.  Not  the  least  advantage  of  this  new  form  of 
slide  is  that  evaporation  takes  place  from  the  fluid  in  this  aiinnlftr 
spaoe,  and  may  go  on  for  a  long  time  without  a£fecting  the  stratum 
under  examination. 

If  desired,  the  annular  space  may  be  filled  with  oil,  and  evapora- 
tion thus  be  entirely  preveoted." 

Under  the  heading  of  "  Chemical— new  elide  for  the  Microscope*'  is 
the  following : — ''  For  the  application  of  chemi(»l  tests  to  fluids  under 
mioroeoopicfd  examination,  the  *  pillar  slide '  presents  many  advan- 
tages. The  method  usual  in  such  cases  is  to  place  a  drop  of  the 
xeagent  at  one  edge  of  the  cover  and  a  bit  of  blotting-paper  at  the 
opposite  edge,  with  or  without  a  hair  inserted  between  the  cover  and 
tM  alide  to  facilitate  the  inflow  of  the  reagent. 

If  the  circular  pillar-slide  be  used,  then  the  cover  must  be  pushed 
so  that  all  the  space  is  on  one  side ;  there  will  thus  be  formed  a 
ereeoentic  instead  of  an  annular  space.  It  is  evident  that  in  the  latter, 
if  the  space  is  filled  with  reagent  it  will  afifect  the  film,  but  slowly, 
because  evaporation  takes  place  from  the  reagent  itself,  and  there  is 
nothing  to  oraw  it  between  the  cover  and  the  pillar.     In  the  round 

*  Sep.  repr.  from  Trans.  Med.  Absoo.  Georgia,  1883,  pp.  21-4. 
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pilUr  IhiB  is  beat  oonected  by  hftving  the  diameter  of  the  cover  tiiiBller 
Htm  tbKt  of  tbe  pillar,  and  pnsbing  it  to  one  aide  ao  aa  to  project  a 
little  beyond  the  pillar,  the  Innate  space  tbna  formed  is  filled  wift 
reagent,  while  the  rest  of  the  edge  of  oorer  is  eraporating  and  drawing 
upon  the  reagent  to  sapplj  the  deficiency  thns  created,  or,  to  hasten 
the  reaction,  a  bit  of  blotting-paper  may  be  applied  in  &o  nsaal  way. 
Another  good  way  is  to  nse  a  sqnare  oover :  let  one  of  the  oomen 
project  beyond  the  pillar,  and  under  this  ccmier  put  the  drcm  ot 
reagent,  in  this  way  nearly  the  whole  of  the  edge  of  the  cover  wiU  be 
left  free  for  evaporation,  and  the  rapidi^  of  the  reaction  will  of 
course  he  proportionately  great.  If  demred,  a  different  reagent  may  ba 
placed  under  each  of  the  fonr  projecting  comers  of  the  square  oorer. 
The  '  sqnaro  pillar-elide '  seems,  however,  best  sdapted  to  this 
class  of  work,  with  a  cover  the  same  sise  or  smaller  than  the  pilar, 
and  projecting  a  little  beyond  it ;  the  reagent  will  then  oocnpy  one 
side  of  the  square  and  ovaporsticm  go  on  &om  the  other  three  sidea. 
If  an  oblong  cover  is  need  which  projects  on  opposite  sides  of  the 
pillar,  thon  the  same  or  difiiarent  reagents  msy  be  placed  on  oppoaite 
sides  of  the  same  specimen,  without  dwiger  of  mixing  with  each  other." 
Under  "  Slidei  vrith  hoUowa  for  ^mical  reactiont"  Dr.  Nnnn 
says  "  Uany  of  the  advantages  of  the  pillar  slides  fc^  the  observa- 
tion of  chemical  reactions  may  be  obtained  by  using  polished  glass 
slides  with  one  or  more  hollows. 

In  using  thcso  the  drop  of  fluid  to  be  examined  is  placed  I7  the 
side  of  the  hollow,  or  between  them,  if  Uiere  be  two  or  more,  and  tha 
cover  is  allowed  to  project  over  the  hollow  or  hollows  a  little  distanoe; 
under  this  projecting  edge  the  drop  of  reagent  is  placed,  and  the  fait 
of  blotting-paper  may  be  used  as  usual  upon  the  aude  if  desired." 

Beck's  Condenser  with  tro  Biaphragm-plates. — Fig.  24  showi 
the  condenser  which  accompanies  Messrs.  Beck's  Pathological  Micro- 
scope (Vol.  m.  1883,  p.  894).    The 
P_^  ^j  pecnliarityof  its  construction  is  that 

it  has  two  rotating  disphragm-plates^ 
one  with  the  usual  series  of  (7)  aper- 
tures of  difibrent  sizes,  and  the  other 
with  one  clear  apertore  and  three 
others  filled  with  bine  glass  of  vary- 
ing tints,  for  moderating  the  light. 
The  former  is  placed  at  a  distance 
below  the  lenses  soffieieut  for  accu- 
rate centering  of  the  condenser. 

As  shown  in  fig.  24,  the  oon- 
denser  is  for  nse  with  the  'nt1■I1^^T 
stands,  but  by  reversing  the  c^tical 
combination  and  screwing  it  on  the 
opposite  side  it  is  available  for  large 
stands. 

By  the  removal  of  the  sliding  cap  which  carries  the  highest  power 
lens  of  the  three  of  which  the  optical  oombination  is  composed,  the 
condenser  is  Boitsble  for  use  with  low-power  otijeotiveB. 
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■•Iwn's  MiorowMtpe  Lamp. — Ur.  E.  H.  Nelson  some  tiino  ago 
dorised  tlie  lunp  shown  in  fig.  35 ;  but  no  description  or  figure  of  it  has 
btea  isaned  till  now.  The  principal  points  in  the  design  are  (1)  that 
tiis  flame  (uBing  either  the  edge  or  the  broadside)  can  be  bronght  mnoh 
nearer  to  the  snrfaoe  of  the  table  than  nsnal,  which  is  secured  by 
making  the  oil-well  rery  shallow,  large  enongh  however  to  hold 

Fio.  29. 


,t  for  eight  or  nine  hours'  work,  and  with  means  for  raplenish- 
ins  the  snpply  of  oil  withont  touching  the  flame;  (2)  the  metal 
dumnej  is  arranged  to  cnt  off  all  tlio  light  eioept  that  reqnirsd  for 
iotnal  nse  with  the  Microscope,  and  the  only  glass  required  is  an 
<ndinary  3x1  slip  which  slides  in  a  groove  about  an  inch  in  front 
of  the  flame  and  can  be  readily  removed  for  cleaning ;  (3)  the  oondeo- 
■ing  lens  is  i^  the  componud  Herschellian  form,  by  which  a  olearer 
disk  of  light  can  be  obtained  than  with  the  nsual  bnll'a-eye,  and  is 
^orided  with  means  of  adjustment  in  all  directions.  The  lunp  was 
ooaitanoted  by  Messrs.  Swift  and  Son. 
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Developing  Fhoto-microgpnEiphs.* — The  microscopist  who  ooca- 
Bionallj  photographs  his  spocimens  finds  that  his  developing  solu- 
tions deteriorate  by  keeping,  and  often  when  he  comes  to  use  them, 
after  standing  untouched  for  some  time,  they  do  not  act  properly. 
Especially  is  this  true  of  developers  containing  pyrogaJlic  acid,  whicm, 
as  ordinarily  made,  soon  lose  their  strength.  It  is  customary  to  make 
up  the  solutions  and  keep  them  ready  for  use,  but  owing  to  the  cir- 
cumstances above  mentioned,  this  plan  is  not  a  good  one  for  micro- 
scopisto  who  only  use  them  occasionally. 

Mr.  B.  Hitchcock  has  adopted  the  following  plan  for  developing, 
which  enables  fresh  solutions  to  be  readily  made  without  loss  of  time. 
There  should  be  always  at  hand  citric  acid  and  pyrogallic  acid  in 
powder,  strong  ammonia  ( *  880),  and  a  solution  of  potassium  bromide, 
50  grains  to  the  ounce  of  water.  When  about  to  develop  the  plates, 
dissolve  1  *  5  grains  of  citric  acid  in  8  ounces  of  water.  In  practice 
it  is  not  necessary  to  weigh  out  the  exact  quantity,  as  it  can  be 
measured  on  the  point  of  a  knife,  after  a  little  experience.  Then  take 
half  a  drachm  of  ammonia  and  mix  it  with  8  ounces  of  water.  Go 
into  the  dark  room  with  tho  solutions,  put  the  exposed  plate  into  the 
doYoloping  dish,  and  proceed  as  follows  :  for  a  4  X  5  plate  take 
1  ounce  of  citric  acid  solution  and  add  to  it  2  grains  of  the  pyro- 
gallic acid  in  powder,  measuring  that  quantity  in  the  hand,  or  on  a 
spatula.  It  dissolves  almost  instantly.  Then  add  one  ounce  of  the 
ammonia  solution  and  a  drop  or  two  of  the  bromide,  and  flow  the 
whole  over  the  plate.  The  development  proceeds  slowly,  and  may  be 
controlled  in  the  usual  manner  by  adding  more  bromide,  or  a  few 
drops  of  dilute  ammonia,  as  the  case  may  require. 

Action  of  a  Diamond  in  Euling  Lines  upon  Olass.! — Prof.  W. 
A.  Bogcrs  writes,  *'  In  ofifering  a  communication  upon  the  subject  in- 
dicated by  the  title  of  this  paper,  I  am  not  unmindful  of  the  fact  thai 
I  enter  a  field  in  which  I  acknowledge  a  master.  Since  the  death  of 
the  incomparable  Nobert,  Mr.  Fasoldt,  of  Albany,  stands  easily  first 
in  the  art  of  fine  ruling.  I  desire  to  repeat  here  the  reply  which  for 
the  paiit  three  years  I  have  invariably  made  to  inquiries  for  test-plates 
from  my  own  machine — viz.  that  with  Mr.  Fasoldt's  special  facilities 
for  this  class  of  work  he  can,  I  have  no  doubt,  produce  far  better 
resulto  than  it  would  bo  possible  for  me  to  obtain  by  chance  efforts. 
I  have  thought  it  better  to  confine  my  attention  to  another  equally 
important  problem — viz.  an  attempt  to  obtain  copies  of  the  im- 
perial yard  and  of  the  metre  dea  archives^  at  the  temperature  at 
which  they  are  standard,  to  subdivide  these  unite  into  aliquot  parts 
and  then  to  obtain  a  microscopical  unit  whose  subdivisions  should 
be  so  nearly  equal  that  tho  Microscope  would  fail  to  reveal  the 
difference.  The  first  part  of  this  work  has  been  mainly  completed. 
Two  independently  obtained  copies  of  the  imperial  yard  yield  nearly 
identical  values  for  tho  length  of  this  standard  unit.  Three  indepen- 
dent comparisons  with  the  metre  des  archives  agree  within  vezy 
narrow  limito  in  defining  the  absolute  length  of  the  metric  unit,  both 

*  Amcr.  Mon.  Micr.  Joum..  iv.  (1883)  p.  198. 

t  Proc.  Ainer.  8<)C.  Micr.,  0th  Ann.  Meeting,  1883,  pp.  149-65. 
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of  82  and  62  degrees  Fahrenheit.  The  snbdivision  of  these  nnits  into 
aliqnot  parts  ~  the  yard  into  inches  and  the  metre  into  centimetres — 
has  been  so  &r  completed  that  any  errors  which  may  remain  will  not 
affect  the  microscopical  unit  sought.  With  regard  to  the  exact  sub- 
division of  these  units,  I  can  only  report  progress. 

Notwithstanding  this  abandonment  of  attempts  to  produce  test- 
bands  of  the  Nobert  pattern,  I  hayo  recently  taken  up  the  subject 
again,  somewhat  with  the  view  of  testing  the  claim  of  Mr.  Fasoldt 
that  he  has  succeeded  in  ruling  lines  one  million  to  the  inch,  and 
especially  by  the  claim  that  the  existence  of  a  spectrum  in  the  bands 
is  an  evidence  of  the  reality  of  the  separate  lines.  The  latter  claim 
does  not  appear  to  be  well  founded.  Aside  from  being  at  variance 
with  theory,  it  can  easily  be  disproved  experimentally. 

Before  proceeding  further  with  this  investigation,  I  beg  to  refer 
to  a  theory  proposed  by  the  writer  in  a  paper  presented  to  the  American 
Academy  of  Arts  and  Sciences,  in  relation  to  the  method  which  Nobert 
may  possibly  have  employed  in  the  production  of  his  test-plates. 
Briefly  stated,  this  theory  is  that  the  lines  composing  Nobert's  bands 
are  produced  by  a  single  crystal  of  the  ruling  diamond,  whose 
ruling  qualities  improve  with  use.  In  the  light  of  subsequent  experi- 
ence this  theory  may  be  stated  in  the  following  way :  When  a  diamond 
IB  gpround  to  a  knife-edge,  this  edge  is  still  made  up  of  separate 
crystals,  though  we  may  not  be  able  to  see  them,  and  a  perfect  line  is 
obtained  only  when  the  ruling  is  done  by  a  single  crystal.  When  a 
good  knife-edge  has  been  obtained  the  preparation  for  ruling  consists 
in  finding  a  good  crystal.  Occasionally  excellent  ruling  crystals  are 
obtained  by  splitting  a  diamond  in  the  direction  of  one  or  more  of  the 
twenty-four  cleavage  planes  which  are  found  in  a  perfectly  formed 
cryst&L.  A  ruling  point  formed  in  this  way  is,  however,  very 
easily  broken,  and  soon  wears  out  Experience  has  shown  that  the 
best  results  are  obtained  by  choosing  a  crystal  having  one  glazed 
aorfiace  and  splitting  off  the  opposite  face.  By  grinding  this  split 
ftoe,  a  knife-edge  is  formed  against  the  natural  face  of  the  diamond, 
which  will  remain  in  good  condition  for  a  long  time.  When  a  ruling 
crystal  has  been  found  which  will  produce  moderately  heavy  lines  of 
the  finest  quality,  it  is  at  first  generally  too  sharp  for  ruling  lines  finer 
than  20,000  or  80,000  to  the  inch,  even  with  the  lightest  possible 
pressure  of  the  surface  of  the  glass.  Bat  gradually  the  edges  of  this  out- 
ting  crystal  wear  away  by  use  until  at  last  this  particular  crystal  takes 
the  form  of  a  true  knife-edge,  which  is  parallel  with  the  line  of  motion 
of  the  ruling  slide.  In  other  words,  when  a  diamond  has  been  so 
adjusted  as  to  yield  lines  of  the  best  character  its  ruling  qualities  im- 
prove with  use.  If  Nobert  had  any  so-called  '  secret,'  I  believe  this 
to  have  been  its  sabstance. 

The  problem  of  fine  ruling  consists  of  two  parts — ^first,  in  tracing 
lines  of  varying  degrees  of  fineness ;  and,  second,  in  making  the  inter- 
linear  spaces  equal.  The  latter  part  of  the  problem  is  purely 
mechanical,  and  presents  no  difficulties  which  cannot  be  overcome  by 
mechanical  skill. 

It  will  be  the  aim  of  the  present  paper  to  describe  the  more 
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marked  characteristics  of  lines  of  good  quality  mled  upon  glaa, 
and  to  illustrate  these  characteristics  by  corresponding  specimeni. 
To  one  who  is  familiar  with  Nobert*s  bands  a  perfect  line  need  not  be 
described.  It  is  densely  black,  with  at  least  one  edge  sharply  defined. 
Both  edges  are  perfectly  smooth.  Add  to  these  characteristios  i 
rich  black  gloss,  and  yon  have  a  pictore  of  the  coarser  lines  of  i 
perfect  Nobcrt  plate.  How  are  those  lines  produced  ?  In  the  study 
of  the  action  of  a  diamond  in  producing  a  breaking  fracture  in  glasi 
the  Microscope  seems  to  be  of  little  service,  but  we  can  call  it  to  our  aid 
in  the  study  of  its  action  in  ruling  smooth  lines.  One  would  naturally 
suppose  that  a  line  of  the  best  quality  would  be  produced  by  the 
stoppage  of  the  light  under  which  it  is  viewed  by  the  opaque  groove 
which  is  cut  by  the  ruling  diamond.  Without  doubt  this  is  the  way 
in  which  lines  are  generally  formed.  But  it  is  not  the  only  way  in 
which  they  can  be  produced.  An  examination  under  the  Microscope 
will  reveal  tlie  fact  that  in  some  instances  at  least,  a  portion  of  the 
glass  is  actually  removed  from  the  groove  cut  by  the  diamond ;  and 
that  the  minute  particles  of  glass  thus  removed  are  sometimes  laid  up 
in  a  windrow  beside  the  real  line,  as  a  plough  turns  up  a  furrow  of  soil 
On  the  finest  plate  I  have  ever  produced  every  line  remained  in  perfeot 
form  for  about  two  months.  I  then  first  noticed  a  tendency  on  Uie  part 
of  some  of  the  single  lines  to  disintegrate,  while  the  lines  ruled  in 
closer  bands  seemed  to  retain  their  good  qnidities.  This  disintegratum 
finally  became  so  marked  that,  as  an  experiment,  I  removed  the  oover 
and  cleaned  one-half  of  the  surfiice  of  the  glass  by  rubbing  with 
chamois  skin.  The  difference  in  the  appearance  of  the  two  halves  is 
now  very  marked.  Above,  the  dense  black  lines  remain.  Below,  a 
ragged  abrasion  of  the  surface  of  the  glass  has  taken  place.  Above^ 
the  furrowed  lines  as  originally  formed  are  preserved ;  below,  there  is 
a  coarse  scratch.  It  may  be  said  that  the  action  in  this  case  is  aod- 
dental  and  abnormal.  Li  reply,  I  can  say  I  have  prepared  plates 
which  show  that  the  particles  of  glass  removed  take  four  characteristic 
forms,  (a)  They  appear  as  chips  scattered  over  the  surface  of  the 
glass,  (h)  They  appear  as  particles  so  minute  that  when  laid  upon  a 
windrow  and  forming  an  apparent  line,  they  cannot  be  separated  under 
the  Microscope,  (c)  They  take  the  form  of  filaments  when  the  glass 
is  sufficiently  tough  for  them  to  be  maintained  unbroken,  (d)  They 
take  a  circular  form. 

I  regret  that  three  of  the  most  striking  specimens  were  broken  in 
mounting.  In  one  a  perfect  line  about  1/30,000  of  an  inch  in 
width  was  formed  with  a  clear  space  between  it  and  the  groove  cut  by 
the  diamond.  There  was  not  a  single  break  in  these  filaments  from 
beginning  to  end,  but  at  nearly  equal  intervals  of  about  l/IOO 
of  an  inch  half-lmots  were  formed  similar  to  those  formed  in  a 
partially  twisted  cord.  By  rubbing  the  surface  of  one  end  these  fila- 
ments were  broken  up.  For  the  most  part  they  assumed  a  semi- 
circular form,  but  some  of  them  maintained  their  thread-like  form 
and  became  twisted  together  in  the  most  intricate  fashion. 

In  the  third  specimen,  which  was  broken  in  mounting,  the  glass 
removed  took  a  spiral  form  like  the  spiral  chips  from  steel  when 
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tamed  in  a  latho.  A  projecting  crystal  of  the  diamond  canght  these 
spirals  and  carried  them  unbroken  to  the  end  of  each  line,  leaving  them 
a  tangled  mass  of  threads.  Eren  after  they  were  protected  by  a  corer- 
glass  cemented  to  the  surface,  many  of  these  spirals  remained  intact. 
Judging  by  the  difference  in  focus  of  the  various  parts,  the  height  of  the 
mass,  before  the  plate  was  covered,  must  have  been  1/500  of  an  inch. 

The  same  ruling  crystal  may  produce  smooth  linos  or  either  chips 
or  threads,  according  to  the  motion  of  the  diamond,  as  may  be  seen  by 
examination  of  the  accompanying  rulings  In  these  plates  one-half 
of  the  lines  of  the  bands  are  ruled  by  a  forward  motion  and  one-half 
by  a  backward  motion  of  the  diamond.  Chips  may  bo  formed  in 
mling  bands  of  very  fine  lines,  as  illustrated  in  the  bands  of  lines 
24,000  to  the  inch. 

It  must  not,  however,  be  supposed  that  lines  of  the  best  quality 
always  present  the  appearance  described  above.  While  it  is  exceed- 
ingly rare  that  lines  appear  as  well  after  the  surface  of  the  glass  has 
been  rubbed  as  before,  many  instances  have  occurred  within  my 
experience  in  which  the  difference,  especially  in  fine  lines,  was  not 
paiticalarly  noticeable.  According  to  the  limited  evidence  at  hand, 
the  coarser  lines  of  Nobert's  bands  present  some  of  the  characteristics 
which  I  have  described.  I  have  restored  two  of  these  plates,  in  which 
the  lines  had  become  nearly  obliterated  by  some  kind  of  condensation 
under  the  cover-glass.  In  one  the  quality  of  the  linos  was  not  much 
nffiscted  by  the  operation  of  cleaning,  but  in  the  other  the  dark  gloss 
irbich  cluu*acterizes  the  heavy  lines  of  nearly  all  of  Robert's  plates 
"was  entirely  destroyed.  The  finer  lines,  however,  were  much  less 
affected  than  the  coarse  ones. 

Lines  of  the  character  thus  for  described  are  evidently  nnsuited 
to  the  ordinary  work  of  the  microscopist.  It  is  my  experience 
that  lines  which  are  the  most  symmetrical  in  form  and  the  most 
"beautiful  in  appearance  are  produced  indirectly  rather  than  by 
the  direct  action  of  the  diamond  in  cutting  a  groove  in  the  glass. 
They  can  be  protected  to  a  certain  extent  by  a  cover-glass,  but 
they  are  liable  to  nndergo  changes  which  will  affect  their  original 
fltmctnie.  Except  for  purposes  of  investigation,  therefore,  there  is 
no  advantage  to  be  gained  by  ruling  lines  of  this  character.  Three 
oonditions  must  be  fulfilled  in  the  production  of  lines  having  a  per- 
manently good  character : — 

I.  The  glass  must  be  tough.  There  is  a  marked  difference  in  the 
character  of  the  filaments  produced,  and,  to  a  certain  extent,  of  the 
lines  themselves,  yet  the  conditions  under  which  the  lines  in  the  series 
of  plates  illustrating  this  paper  were  ruled  were  the  same  in  nearly 
all  of  the  plates  -ie.  the  same  diamond  was  used,  its  setting  re- 
mained nnchanged,  and  there  was  no  change  in  tho  pressuro  of  the 
diamond  npon  the  surface  of  the  glass.  I  may  add  also,  that  I 
have  in  my  collection  several  other  plates  which  were  ruled  espe- 
cially to  test  the  question  of  tho  requisite  quality  of  the  gloss. 
They  all  agree  in  giving  evidence  that  glass  of  a  given  quality  will 
always  yield  lines  of  nearly  the  same  quality — the  ruling  crystal 
zemaining  the  same  and  in  the  same  position. 
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2.  Tbo  greatest  difficulty  onconntered  in  setting  a  ruling  crystid 
is  to  obtftin  one  which  will  rule  lines  of  the  reqnued  quality  which 
will  retain  their  form  after  the  surface  of  the  glass  is  rubbed.  The 
crystal  with  which  nearly  all  the  plates  of  this  series  were  ruled  was 
only  obtained  after  a  search  continued  at  intervals  through  seyenJ 
weeks.  Sometimes  a  diamond  which  will  rule  good  light  lines  will 
not  produce  good  heayy  Hues,  and  vice  ver»A.  According  to  mj 
experience  it  is  better  to  have  a  special  diamond  for  each  class  of  line 
desired,  though  the  diamond  with  which  the  present  series  of  platei 
was  ruled  seems  well  adapted  to  every  kind  of  work  required,  except, 
perhaps,  the  production  of  the  finest  bands.  An  examination  of 
plates  illustrates  the  wide  difference  in  the  character  of  lines  ruled 
with  the  same  diamond,  after  the  edges  of  the  ruling  crystal  have 
been  worn  smooth.  In  one  there  are  two  sets  of  lines,  side  by  side, 
in  one  of  which  the  surface  has  been  rubbed,  and  in  the  oUier  of 
which  the  lines  have  been  left  undisturbed.  The  difference  is  feaj 
marked.  It  may  be  said  here  that  the  surface  of  a  ruled  plate  should 
always  be  cleaned  by  rubbing  in  the  direction  of  the  lines  only,  never 
at  right  angles  to  the  lines.  It  will  often  happen  after  sharp  rubbing 
that  the  lines  appear  ragged,  when  the  difficulty  is  that  the  chips 
have  not  all  been  removed  from  the  grooves.  Rubbing  with  Vienna 
lime,  moistened  with  alcohol,  will  usually  complete  the  cleaning 
satisfactorily. 

3.  After  a  crystal  has  been  found  which  will  fulfil  the  oon* 
ditions  of  producing  a  line  which  will  bear  cleaning,  there  still 
remains  a  difficulty  which  will  only  be  revealed  after  the  lapse  of 
considerable  time.  This  is  well  illustrated  in  one  plate  in  which 
the  lines  were  as  perfect  as  could  be  desired  for  several  days  after 
they  were  ruled.  The  lines  of  the  band  are  now  completely  broken 
up.  Evidently  they  were  in  a  state  of  strain,  which  finally  became 
so  groat  that  resistance  to  rupture  became  impossible.  This,  how- 
ever, is  an  extreme  case.  Generally  the  lines  simply  enlarge  at 
certain  points.  Usually  the  termination  of  the  enlargement  occurs  at 
irregular  distances  along  the  lines,  and  it  is  nearly  always  yeiy 
sharply  defined.  The  most  curious  action  of  this  kind  which  has 
ever  come  under  my  notice  is  where  the  lines  have  broken  up  into  a 
form  something  like  the  strand  of  a  heavy  rope. 

The  process  of  setting  a  diamond  is  as  follows :  The  holder  has 
the  means  of  adjustment  in  three  planes:  (a)  an  adjustment  in  a 
horizontal  plane  ;  (6)  an  adjustment  in  a  vertical  plane  ;  (e)  an  ad- 
justment in  a  piano  at  right  angles  to  the  ruled  lines,  it  is  my 
practice  to  begin  by  giving  the  knife-edge  of  the  diamond  consider- 
able inclination  to  the  lino  of  motion  of  the  ruling  slide.  I  then  rule 
a  series  of  single  lines  at  different  known  angles  of  inclination,  care 
being  taken  to  pass  the  lino  of  parallelism.  An  examination  of  the 
character  of  the  lines  thus  ruled  will  enable  one  to  determine  within 
narrow  limits  near  which  one  the  knife-edge  is  set  parallel  with  the 
slide.  After  a  fair  line  has  been  obtained  in  this  way  a  sharp  crystal 
is  generally  found  by  tilting  the  diamond  in  a  vertical  plane,  though 
it  will  often  be  found  necessary  to  make  the  third  adjustment  men- 
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iioned.  Sometimes  the  cutting  ciystal  is  lost  after  ruling  a  few  lines, 
but  generally  good  results  can  be  obtained  after  a  constant  service  of 
ireeks,  and  even  months.  A  crystal  is  lost  either  by  being  broken 
off  or  by  being  worn  out  When  a  crystal  has  been  lost  it  need  not 
be  concluded  that  the  diamond  needs  sharpening.  It  is  only  necessary 
to  find  a  new  crystal,  an  operation  requiring  patience  rather  than  skill. 

It  should  be  stated,  that  while  this  theory  of  individual  cutting- 
crystals  seems  to  be  the  true  one,  I  have  never  been  able  to  detect 
them  by  an  examination  with  the  Microscope.  It  is  only  by  their 
behaviour  that  their  existence  can  be  recognized. 

One  of  the  most  severe  tests  of  the  ruling  qualities  of  a  crystal 
ooDBists  in  producing,  without  fracture,  heavy  lines  which  cross  each 
other  at  a  small  angle  of  inclination,  and  which  will  receive  graphite 
without  interruption  of  continuity  at  the  intersection.  Lines  ruled 
at  right  angles  and  forming  small  squares  afford  a  better  test  than 
paraUel  lines.  In  one  plate  presented  the  curved  lines  formed  by 
the  intersection  of  straight  lines  are  nearly  perfect  in  form,  and  they 
hold  the  graphite  quite  as  well  as  the  original  lines.  In  another  plate 
I  haye  attempted  a  representation  of  the  nucleus  of  a  comet.  The 
filling  is  not  quite  as  perfect  as  in  the  other  plate,  but  this  is  due  to 
the  quality  of  the  glass.  Attention  is  called  to  the  granular  struc* 
tore  under  a  moderately  high  power.  I  have  found  rulings  of  this 
form  to  be  an  excellent  test  of  the  quality  of  the  glass  required  for 
receiving  the  best  lines.  In  general,  the  first  filling  of  the  lines  is 
the  most  perfect.  One  plate  affords  an  illustration,  exceedingly  rare, 
of  lines  which  receive  the  lines  equally  well  after  repeated  fillings. 
Lines  as  fine  as  50,000  to  the  inch  very  readily  receive  the  graphite. 
The  limit  beyond  which  it  seems  impossible  to  go  may  be  placed 
at  about  100,000  to  the  inch. 

A  few  words  may  properly  be  added  here  with  regard  to  the  pro- 
tection of  ruled  lines.  When  linos  are  formed  by  a  true  groove  in 
the  glass,  it  is  better  that  they  should  remain  unprotected.  But 
when  the  lines  are  formed  in  the  manner  illustrated  by  the  plates  of 
this  series,  the  quality  of  the  lines  in  the  end  is  pretty  sure  to 
deteriorate  whenever  tiiere  is  an  actual  contact  of  the  cover-glass 
with  the  slide.  I  have  made  serious  efforts  to  overcome  this  diffi- 
culty, but  with  only  partial  success.  Slides  mounted  with  gutta- 
percha rings  generally  remain  in  good  condition  for  a  long  time, 
especially  if,  after  expelling  the  air  as  far  as  possible  by  heat,  a  ring 
of  white  wax  cements  the  rim  of  the  cover-glass  to  the  slide.  But  even 
with  this  precaution  there  is  no  certainty  of  final  preservation.  If  it 
shonld  be  found  that  the  brass  slides  of  this  series  are  convenient  in 
manipulation,  their  adoption  can  be  recommended,  since  they  entirely 
obriate  this  difiSculty.  They  are  made  in  the  following  way: — A 
hole  having  been  made  in  the  centre,  a  flange  is  left  1/200  in. 
in  thickness.  The  cover-glass  is  then  cemonted  to  the  surface 
of  the  brass,  and  the  rulings  are  made  on  the  under  side.  The 
protection  is  made  by  dropping  upon  the  ledge  of  brass  a  rather  thick 
circle  of  cover-glass,  which  is  held  in  position  by  a  circular  brass 
wire. 
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After  ibis  digresgion,  I  return  to  the  oensideration  of  the  erodi- 
bilitj  of  Mr.  Fa8oldt*8  claim  that  he  hai  Bueeeeded  in  ruling  lines 
1,000,000  to  the  inch.  At  this  point  it  is  only  £ur  to  say  that  nntil 
roccntly  I  liavo  shared  in  the  general  incrcdality  with  which  Mr. 
Fa8oldt*8  claim  haH  boon  regarded.  Indeed,  I  still  think  he  has  placed 
the  limit  just  a  trifle  too  high.  But  if  the  limit  is  redaced  one-half^ 
I  am  by  no  means  sure  bnt  that  it  may  be  reached.  Possibly  it  may 
have  been  already  reached.  But  what  evidence  have  we  that  it  ii 
possible  to  see  single  lines  of  this  degree  of  fineness,  granting  thai 
it  is  possible  to  produce  them  ?  The  answer  to  this  question  inTolrei 
another  inquiry,  viz.  has  the  Microscope  reached  its  highest  Tisoal 
possibilities  ?  Hero  again  it  is  necessary  to  draw  a  sharp  distinction 
between  visibility  and  resolution.  In  the  matter  of  limit  of  resolu- 
tion it  must  be  admitted  that  little  or  no  progress  has  been  made 
since  the  resolution  of  Nobcrt*s  nineteenth  band.  The  distinguish- 
ing feature  of  Nobort*s  lines  is  a  certain  boldness  which  enables  them 
to  be  photographed,  and  it  is  to  photographv,  supplemented  by  the 
statement  of  the  maker,  that  we  owe  the  certainty  of  the  resolution  of 
the  nineteenth  band.  But  all  attempts  to  go  beyond  this  band,  even 
with  Nobcrfs  later  plates,  have  proved  failures.  I  cannot  learn  that 
any  one  has  yet  succeeded  in  photographing  a  Fasoldt  plate  as  high  as 
100,000  to  the  inch.  Certainly  various  attempts  which  have  been 
made  with  hajids  of  my  own  ruling  higher  than  about  70,000  have 
not  been  successful.  There  are  seversJ  Nobert  plates  of  the  new 
pattern  in  this  country.  They  run  as  high  as  2i0,000  lines  to  the 
inch,*  but  who  has  gone  beyond  the  number  of  linos  in  the  nineteenth 
band  ?  j  With  great  respect  for  the  honest  belief  of  several  micro- 
scopists  who  claim  to  have  resolved  Fasoldt*s  bands  as  high  as 
152,000  to  the  inch,  I  must  yet  hold  to  the  opinion  that  in  no  case 
has  the  resolution  been  proved  by  a  test  which  will  be  generally 
accepted  by  microscopists.  There  is  one  test,  and  only  one,  which  ii 
absolutely  decisive — viz.  the  one  originally  proposed  by  Nobert,  that 
of  ruling  a  definite  number  of  lines  in  a  band  of  given  fineness,  and 
keeping  the  number  secret  until  the  microscopist  could  give  the 
correct  count,  not  merely  in  one  instance  but  in  several.  Even  here 
we  must  depend  upon  the  honesty  of  the  maker  in  revealing  the 
correct  count.  Has  the  correct  count  been  made  in  any  Fasoldt  plate 
as  high  OS  100,000  to  the  inch  ?  I  think  not.  Has  it  been  done 
with  any  band  of  my  own  ruling  of  the  same  degree  of  fineness?  No. 
Let  us  mnrshal  the  evidence  pro  and  con,  offered  by  experience. 

(a)  Mr.  Fasoldt's  finest  bands  present  a  perfectly  smooth  and 
uniform  surface.  They  have  well-defined  limits,  and  the  width  of 
the  bands  is  what  it  should  be  by  the  number  of  lines  claimed  to  be 
ruled. 

(h)  According  to  present  experience  single  lines  can  be  mled 

*  Tlie  bighoet  in  1/20,000  of  a  PariB  line,  i.  e.  224,000  to  the  Engliah  inch.— 
Ed.  J.R.M.S. 

t  Mr.  E.  M.  Nelson  claims  to  have  resolved  the  next  finest  band  to  the  19th, 
viz.  the  11th  band  of  the  latest  20  band  plate,  the  lines  of  which  are  at  the 
rate  of  about  123,000  to  the  inch.— Ed.  J.R.M  8. 
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Beyend  degrees  finer  than  I  bave  been  able  to  detect  under  tbe 
Microsoope.  Abont  four  years  since  I  sent  to  Prof.  J.  Edwards 
Sinitb  a  ruled  plate  with  a  statement  of  the  number  of  bands,  accom- 
panied with  a  description  of  the  same.  Soon  after  1  received  a  lettor 
nom  ProC  Smith,  saying  there  must  be  some  mistake  in  the  descrip- 
tion, as  he  was  unable  to  find  two  of  the  bands.  I  replied  that  the 
buids  were  certainly  ruled,  and  that  1  thought  1  could  convince  him 
of  that  fact.  I  therefore  requested  him  to  re-examine  the  plate  with 
the  greatest  care,  and  if  he  was  still  unable  to  find  the  bands  to  return 
the  plate  to  me.  After  a  vain  endeayour  to  discover  them  the  plate 
was  sent  to  me.  I  removed  the  cover,  filled  the  lines  with  graphite, 
ramonnted  the  slide,  and  returned  it  to  Prof.  Smith.  Not  only  had 
the  invisible  bands  become  visible,  but  the  separate  lines,  with  an 
interlinear  space  of  1/80,000  in.,  were  easily  seen.  Now  when 
Prof.  J.  Edwards  Smith,  an  acknowledged  expert  in  the  manipulation 
of  the  Microscope,  is  imable  to  find  lines  which  are  really  in  the  centre 
of  the  field  of  the  Microscope,  I  suspect  that  other  observers  may  find 
a  similar  difficulty.  Among  the  plates  presented  is  one  Reries  which 
were  ruled  to  illustrate  the  possibility  of  producing  lines  which  really 
exist,  but  which  are  invisible  under  the  Microscope.  On  one  plate 
there  are  two  sets  of  lines,  one  set  on  the  slide  and  the  other  on  the 
under  side  of  the  cover.  Between  the  bands,  10,000  and  24,000  to  the 
inch,  the  entire  intervening  space  is  filled  with  a  continuous  series  of 
bands,  24,000  to  the  inch.  I  have  not  been  able  to  see  the  lines  of  the 
last  band.  In  another  plate  there  are  a  series  of  bands  containing 
twenty-one  lines  each,  the  entire  linear  space  being  1/2000  in. 
The  first  eleven  lines  are  ruled  with  a  forward  motion  of  tbe 
diamond,  and  the  second  ten  lines  are  ruled  with  a  backward  motion. 
The  last  two  bands  are  preceded  by  heavy  finding  lines.  Each  of  tbe 
last  three  bands  is  followed  by  bands  24,000  to  tbe  inch.  I  think 
it  will  be  found  difficult  to  see  the  lines  of  the  last  two  bands  under 
any  illumination  at  present  in  use,  and  yet  I  am  confident  that  the 
lines  exist  I  found  my  belief  upon  two  bits  of  evidence :  First,  the 
pressure  of  the  diamond  upon  the  glass  was  sufficient  to  produce  the 
fines.  With  considerable  less  pressure  there  would  still  have  been  a 
constant  contact  between  tbe  diamond  and  the  glass.  Second,  I  saw 
them  ruled  through  the  sense  of  hearing.  When  a  diamond  does  its 
very  best  work  it  produces  a  sharp,  singing  tone,  which  is  audible  at 
a  distance  as  great  as  twelve  inches.  This  singing  tone  I  distinctly 
heard  for  every  line  ruled.  It  is  even  more  marked  in  ruling  the 
finest  lines  than  in  coarse  ones.  I  have  two  singing  diamonds,  or 
rather  two  diamonds  with  singing  crystals,  and  these  two  are  the 
ernes  with  which  I  have  done  my  best  work. 

The  argument  against  the  visibility  of  single-ruled  lines  which 
cannot  be  seen  with  the  present  means  at  command,  even  if  within 
the  limits  of  possibility,  considered  in  a  physiological  sense,  is  in 
one  respect  a  sufficient  answer  to  the  evidence  ofibrod  in  favour 
of  their  existence.  This  evidence,  while  not  exactly  negative  in 
its  dharacter,  is  yet  not  sufficiently  conclusive  to  be  regarded  as 
ocNning  under  the  head  of  proof  through  the  medium  by  which  the 
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exi8tcuoo  of  any  fact  is  attested,  tue.  the  medinm  of  some  one  of  ihs 
Kenses.     But  may  it  not  be  tnie  that  we  have  not  yet  reached  the 
fulfilment  of  the  conditions  necessary  to  risibility?    It  oertunlj 
caimot  yet  be  safely  asserted  that  it  is  impossible  to  see  a  material 
particle  which  has,  in  one  direction,  a  magnitude  not  exceeding 
1/500,000  in.    Photography  offers  the  eyidenoe,  somewhat  negstiTO 
in  its  diameter,  that  the  limit  of  Tisibility  is  reached  with  lines  having 
a  width  of  about  1/200,000  of  an  inch.     Lines  of  this  width  an 
the  finest  that  have  ever  been  photographed.   But  the  most  oondLosifB 
evidence  against  the  certainty  of  being  able  to  produce  lines  as  fine 
as  500,000  to  the  inch  consists  in  the  fact,  repeatedly  proven  in  my 
own  expcricnco,  that  lines  which  appear  to  be  excessively  fine  often 
have  a  real  width  two  or  three  times  as  great  as  they  appear  to  have, 
a8  has  been  proved  conclusively  by  filling  the  lines  with  grapldtei 
which  brings  out  the  real  limit     This  phenomenon  vrill  come  np 
again  in  connection  with  the  subject  of  resolution. 

1  have  already  statol  my  belief  that  the  limit  of  resolution  his 
been  so  nearly  reached  that,  though  it  is  quite  possible  under  a  com- 
bination of  favourable  circumstances  to  obtain  a  resolution  a  litUa 
beyond  118,000  to  the  inch,  the  uncertainty  which  must  always  attend 
observations  of  this  character  is  so  great  tiiat  the  certainty  of  resolii- 
tion  cannot  bo  safely  asserted.  In  consideration  of  this  unoertainty, 
and  of  the  fact  that  so  little  progress  has  been  made  in  resolution 
compared  with  the  recent  advance  in  the  construction  of  objectiyoB,  I 
beg  to  pru])08c  as  a  test  the  visibility  of  single-ruled  lines  in  place  of 
the  resolution  of  these  linos  in  dose  combination.  Instead  of  bands 
of  lines  of  the  Nobert  pattern,  I  propose  a  series  of  bands,  each  having 
the  same  interlinear  unit,  but  with  the  lines  of  each  successive  band 
finer  than  those  of  the  preceding  band.  The  space  between  the  lines 
should  not  be  so  great  as  to  interfere  with  their  easy  detection,  nor 
so  small  as  to  require  any  effort  in  resolution.  One  micron  (fi)  is  a 
convenient  unit.  A  heavy  line  should  precede  the  band,  in  order  to 
facilitate  finding  it. 

According  to  my  own  experience  there  are  four  &cts  which 
must  always  throw  grave  doubt  upon  any  reported  case  of  difficult 
resolution : — 

1.  It  is  well  known  that  by  the  manipulation  of  the  light,  every 
other  condition  remaining  the  same,  it  is  possible  to  vary  the  apparent 
number  of  lines  in  a  given  band  of  coarse  rulings.  Can  any  one  ofibr 
a  reason  why  there  should  not  be  the  same  difference  with  bands  of 
fine  lines  closely  ruled  ? 

2.  I  have  many  times  ruled  bands  of  lines  with  the  interlinear 
si)aces  distinctly  marked,  but  in  which  each  line  was  in  reality  con- 
siderably wider  than  the  space  between  the  lines,  as  I  have  proved 
by  extending  single  lines  beyond  the  others  and  filling  them  with 
graphite.  The  only  explanation  of  this  singular  fi^^t  which  I  can 
suggest  is  that  the  diamond  may  possibly  cut  square  down  at  one 
edge  of  the  line  and  for  the  remainder  of  the  line  produce  only  an 
abrasion  of  the  surface  of  the  glass,  which  is  so  slight  as  not  to 
interfere  with  throwing  up  a  furrow  upon  the  remaining  portion. 
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8.  Lines  of  a  given  depth  appear  finer  when  closely  ruled  in  bands 
than  they  do  in  single  lines. 

4.  I  add  another  observation  with  some  hesitation,  since  I  have 
not  been  able  to  prove  its  truth  beyond  perad venture.  I  have  often, 
but  not  always,  found  that  when  single  Imes,  apparently  invisible,  are 
placed  in  close  combination  in  bands,  they  not  only  form  a  visible 
oand,  but  a  band  capable  of  apparent  resolution  into  separate  lines. 
Gan  any  one  offer  a  reason  why  we  can  see  in  combination  what  we 
cannot  see  as  separate  parts  ?  Of  course  I  shall  bo  at  once  reminded 
by  the  astronomer  that  it  is  much  easier  to  pick  up  a  cluster  than  to 
see  scattered  stars  of  the  same  magnitude.  But  when  it  is  once  found, 
the  separate  stars  composing  it  are  no  more  easily  seen  than  stars  of 
the  same  magnitude  more  widely  scattered.  I  offer  this  observation 
in  a  tentative  way,  since  it  has,  if  true,  an  important  bearing  upon 
the  question  of  the  ultimate  limit  of  resolution.  Among  the  accom- 
panying plates  is  one  that  illustrates  the  statement  here  made.  This 
plate  consists  of  a  series  of  bands,  12,000  to  24,000  to  the  inch,  each 
preceded  by  a  heavy  finding  line.  The  lines  of  each  successive  band 
are  finer  than  the  preceding.  The  last  two  bands  were  ruled  with  the 
aame  pressure  of  the  diamond  as  the  fourth  band  preceding.  The 
intervals  at  which  they  were  ruled  are  1/80,000  and  1/200,000  in. 
I  do  not  by  any  means  vouch  for  the  existence  of  the  separate  lines, 
yet  the  bands  are  smooth,  and  there  is  a  distinct  difference  in  the 
appearance  of  the  two  halves  of  the  80,000  band,  the  first  having  been 
mled  with  a  forward  and  the  second  with  a  backward  motion  of  the 
diamond.  The  corresponding  single  lines  of  the  fourth  band  pre- 
ceding are  wholly  invisible.  Tlus  plate  seems  to  show  that  the 
visibility  of  the  lines  in  bands  depends  somewhat  on  the  narrowness 
of  the  interval  between  the  lines,  since  the  lines  of  the  same  degree 
of  fineness  with  an  interval  of  1/24,000  in.  cannot  be  seen. 

It  is  obvious  that  this  whole  question  of  resolution  needs  the 
most  careful  consideration  and  investigation,  since  it  bears  an  in- 
timate relation  to  the  limit  of  visibility  of  single  particles  of  matter. 
Mr.  Hitchcock,  in  a  recent  number  of  his  *  Journal,'  has  made  the 
olaim  that  resolution  has  to  a  certain  extent  ceased  to  bo  a  test  of 
the  quality  of  an  objective.  I  suspect  that  this  claim  will  be  found 
to  have  some  foundation  in  fact.  For  the  last  ten  years  we  have  only 
the  assertion  of  resolution,  without  doubt  honestly  made,  but  yet 
unaccompanied  with  the  proof.  It  is  time  that  the  proof  should 
accompany  the  assertion.  I  insist  that  simple  vision  does  not  afford 
the  required  proof. 

'  Now  we  must  face  this  question  as  honest  inquirers  after  truth. 
There  is  a  limit  which  theory  places  to  resolution  with  objectives  of 
giyen  resolving  power,  not  to  visibility,  as  has  been  frequently  stated. 
Before  we  can  safely  assert  that  observation  has  gone  beyond  theory, 
we  must  be  prepaid  to  offer  evidence  which  can  be  placed  upon 
zeoord,  can  be  discussed  deliberately,  can  be  weighed  impartially  in 
the  balance  with  counter  evidence,  and  can  still  stand  unimpeached. 
Do  you  say  that  this  is  hardly  worth  the  trouble  ?  I  reply  that  the 
iflsue  here  raised  comes  to  the  surface  in  one  form  or  another  at  almost 
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ererj  point  in  physiological  Mid  pathologioal  inrestigations.  It  will 
do  no  niirm  to  reodl  the  nomher  of  times  it  has  at  this  meeting  stood 
as  a  sentinel  at  the  entrance  to  the  temple  whose  mysteries  we  are 
seeking  to  explore.  Has  not  the  question  so  tersely  pnt  by  Dr. 
Gleasuu  at  the  Elmira  meeting  of  this  Society,  *  Do  we  see  what  we 
see,  or  don't  we  see  what  we  see,^  do  we  see  what  we  don't  see  ? '  been 
the  stopping  place  of  more  than  one  important  issne  raised  at  the 
meeting  ?  I  hope  I  do  not  need  to  say  that  I  have  no  personal  ends  to 
serve  ill  an  inquiry  in  which  I  happen  to  be  a  personal  factor.  Let  hb 
then  have  a  test  which  will  for  ever  set  at  rest  this  vexed  question  of 
resolution.  I  submit  for  your  consideration  the  following  outline  of 
a  test  which  I  venture  to  think  will  bo  sufficient  and  0<mclu8ive.  Let 
Mr.  Fasoldt  rule  three  plates  under  as  nearly  the  same  conditions  as 
possible,  except  in  the  number  of  lines  in  the  different  bands  of  each 
plate.  Let  him  label  each  plato  and  accompany  it  with  a  full  descrip- 
tion of  the  number  of  lines  in  each  band.  Let  these  plates  be  sent  to 
any  gentleman  in  whom  the  great  body  of  microscopists  have  con- 
fidence as  eminently  qualified  to  conduct  an  investigation  of  this  sort) 
such  08  Prof.  H.  L.  Smith  of  Geneva,  or  Col.  J.  J.  Woodward  oi 
Washington.  Let  whoever  receives  the  plates  remove  the  labels  of 
Mr.  Fasoldt,  and  put  in  their  place  labels  whose  signification  is 
known  only  to  himRclf.  Then  let  the  gentlemen  who  think  they 
have  resolved  152,000  lines  to  the  inch  take  the  plates,  make  their 
count  of  the  lines  in  each  band,  and  send  in  their  report.  Let  the 
plates  also  bo  photographed,  and  let  the  number  of  lines  be  counted; 
then  lot  the  results  of  these  investigations  bo  published.  If  all 
substantially  agree  in  the  count,  this  will  end  further  discussion. 

The  limit  of  visibility  of  single  particles  of  matter  under  the 
Microscope  bears  an  intimate  relation  to  the  limit  of  naked-eye 
visibility.  My  attention  was  first  called  to  the  smollness  of  this  limit 
by  an  accidental  circumstance.  I  had  rulod  a  micrometer  upon  a 
thin  cover-glass  consisting,  as  I  supposed,  of  moderately  coarse  lines. 
After  several  vain  attempts  to  discover  traces  of  the  lines  ruled,  I 
chanced  while  holding  the  glass  at  a  certain  angle  with  respect  to  Uie 
source  of  light  to  breathe  upon  it.  At  the  instant  the  film  of  moisture 
was  passing  off,  I  was  surprised  to  be  able  to  see  all  the  lines  which 
were  ruled,  100  to  the  inch,  with  the  greatest  distinctness.  I  then 
carefully  filled  the  lines  with  graphite,  when  they  were,  after  the 
closest  ius|>ection,  found  to  be  as  fine  as  any  I  have  ever  ruled. 
According  tu  the  nearest  measurement  I  could  make,  their  width  was 
about  1/6  of  a  micron.  Kepeatod  observations  gave  in  every  case 
satisfactory  evidence  of  visibility.  Li  order  to  ascertain  what  effect 
the  thickness  of  the  glass  might  have  upon  the  visibility,  the  cover- 
glass  was  lightly  cemented  to  a  glass  slide  with  guttapercha,  when 
it  was  found  that  the  lines  were  by  no  means  as  distinctly  visible 
OS  before.  The  cover  was  then  removed,  when  tho  original  obser- 
vation was  easily  confirmed.  The  lines  of  this  plate  were  readily 
seen  by  Professor  Pickering,  and  by  several  assistants  connected 
with  the  observatory.  Unfortunately  the  glass  was  broken  in  an 
attempt  to  mount  it  upon  a  brass  slide.     While  it  is  a  simple 
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mfttier  to  rule  lines  which  are  easily  visible  by  the  unaided  eye, 
especially  in  sunlight,  having  a  width  not  exceeding  1/50,000  in., 
I  have  never  since  succeeded  in  obtaining  a  plate  quite  as  good  as 
the  one  described.  Clearly  the  ruling  crystal  had  boon  broken 
off  before  this  particular  plate  was  ruled,  and,  as  often  happens,  a 
minute  and  delicate  crystal  remained,  which  produced  the  lines  which 
were  really  traced. 

In  the  course  of  subsequent  experiments  I  found  that  while  the 
yiflibility  was  increased  by  the  film  of  moisture,  exceedingly  fine 
lines  could  be  seen  without  this  aid  to  vision  when  the  proper  angles 
of  inclination  to  the  source  of  light  are  obtained.  To  get  the  best 
results  the  ruled  surface  should  have  an  angle  of  about  15°  with 
the  source  of  light,  and  the  lines  themselves  should  have  nearly  the 
some  angle  of  inclination.  Everything  depends  upon  getting  the  exact 
angles  of  inclination  required.  More  striking  results  are  obtained  by 
sunlight  than  by  artificial  light.  Highly  polished  metals,  especially 
tempered  steel  and  iridium,  yield  better  results  than  glass.  I  will 
not  undertake  to  say  how  fine  lines  traced  upon  metal  can  be  seen, 
but  I  suspect  that  the  limit  of  naked-eye  visibility  is  far  beyond  the 
capacity  of  ruling.  I  have  a  plate  of  highly  polished  and  nearly  pure 
iridium  upon  which  there  are  traced  a  series  of  lines  which  are  dis- 
cernible by  the  eye  in  sunlight,  but  which  I  have  never  yet  been  able 
to  see  under  the  Microscope  by  direct  light.  Tet  these  lines  are 
easily  seen  with  a  low-power  objective  under  certain  conditions.! 

I  do  not  propose  to  offer  any  theory  to  account  for  the  facts  which 
I  haye  observed,  not  even  the  one  which  would  naturally  bo  the  one 
first  suggested — viz.  that  of  visibility  by  reflection.  I  admit  that  the 
apparent  width  of  the  lines  would  be  increased  if  the  real  and  reflected 
Imes  could  be  seen  side  by  side.  It  can  be  easily  shown  that  the 
lines  in  one  of  the  accompanying  plates  are  visible  under  conditions 
in  which  it  is  impossible  for  reflection  to  take  place.  For  the  present 
I  content  myself  with  stating  the  facts  of  observation  illustrated  by 
the  ruled  plates  by  which  these  observations  can  bo  repeated. 

I  close  this  paper  with  the  suggestion  that  the  increase  in  the 
efficiency  of  the  Microscope  will  probably  come  from  the  better 
manipulation  of  the  light  under  which  an  object  is  viewed.  At  present 
the  unaided  eye  is  a  not  very  unequal  competitor  of  the  Microscope 
in  the  matter  of  simple  vision.  In  fact,  there  are  certain  phenomena 
eonneoted  with  this  question  which  can  be  better  studied  by  the  un- 
aided eye  than  under  the  Microscope.  I  believe  it  to  be  possible  to 
.  see  under  the  action  of  sunlight  what  cannot  be  seen  under  any 
oljeotiTe.  There  has  been  produced  upon  my  ruling-machine,  upon 
a  polished  surface  of  tempered  steel,  a  band  of  10,000  lines,  cover- 
ing a  space  of  4  inches.  I  have  tested  tho  equality  of  the  spacing 
tor  aliquot  parts  of  a  revolution  of  the  screw  in  every  possible  way 
by  direct  measurement.  Other  observers  have  done  the  same  thing.  I 
oan  hardly  be  wrong  in  the  assertion  that  the  spaces  indicated  by  even 
tenths  of  a  revolution  are  exactly  equal  as  far  as  any  tests  of  direct 
measurement  can  be  applied.  Yet,  by  holding  this  bar  in  a  certain 
position  with  respect  to  the  source  of  light,  the  limits  of  each  revolu- 
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iiou  of  tho  screw  can  be  distinctly  seen.  These  wayes  of  light  and 
sbadu  indicate  an  error  which  can  be  seen  by  the  unaided  eye  but 

^-  which  cannot  bo  measured  with  certainty.     Finally,  if  the  viailnlitT  of 

ruled  lines  is  so  erroneously  increased  by  the  position  which  u^ 
occupy  with  rcRpect  to  tho  source  of  light,  why  may  not  the  Timbilitj 
under  tbo  Microseoi^e  bo  increased  in  nearly  tho  same  proportion  by 

.^'  ■  some  mechanical  device  which  shall  enable  ihe  obeerrer  to  find  exactly 

I  the  proper  angle  of  inclination  at  which  the  light  should  be  thrown 

upcm  the  object  in  older  to  secure  the  best  possible  result? " 

Prof  Rogers,  in  the  discussion  on  a  paper  by  Dr.  G.  EL  Blackhamoa 
the  Relation  of  Aperture  to  Amplification,  also  said  *  ^  The  whole  thing 
depends  on  tho  question  Can  we  compute  resolying  powers  ?  I  will 
not  say  that  we  cannot,  and  I  have  my  doubts  if  we  can.  I  queBtkn 
the  truthfulness  of  the  formula  that  is  used  in  the  computation.  My 
confidence  in  it  was  shaken  some  time  ago,  when  in  the  measuremeiU 

i'  of  some  plates  I  found  errors  of  1/40,000  in.    I  think  that  the 

formula  is  true,  so  far  as  it  goes,  but  it  does  not  tell  the  whole  tmtL 
There  aro  conditions  that  affect  it  Take,  for  instance.  Bayard's 
formula  for  refractions.  It  is  affected  by  the  atmosphere  and  temper- 
uturo.  Now,  I  do  not  say  that  the  two  formulas  are  analogous ;  I 
use  Bayard*8  only  as  an  illustration  of  what  may  occur.  My  position 
in  this  :  Take  what  we  have  as  a  basis  of  investigation,  and  go  ahead 
to  ascertain  the  truth.  There  is  a  great  sea  for  exploration  in  the 
question." 

Test-Diatoms  in  Phosphorus  and  Monobromide  of  Vaphthaline.t 

— Canon  E.  Carr  thinks  thoso  who  are  interested  in  the  resolution  of 

the  nioro  finely  marked  diatoms,  and  who  have  seen  or  heard  of  the 

magnificent  ininge  of  Surirella  gemma^  moimted  in  phosphorus,  shown 

by  Mr.  J.  W.  Stephenson  at  tho  Society's  meetings  and  conversaxioni, 

with   a  Zeiss*  oil-inimorsion    1/8  objective  and  his  own  catoptric 

illuminator,  will  bo  glad  to  learn  that  Mdller  now  supplies  some  of 

tho  more  difficult  test-objects  mounted  in  highly  refnustive  media. 

Having  recently  purchased  a  slide  of  Amphipleura  peUudda  mounted 

in  pliosphorus,  and  ono  of  Surirella  gemma  mounted  in  monobromide 

of  naphthaline,  he  gives  the  result  of  his  examination  of  them.     Tho 

resolution  of  the  hemispherules  on  the  latter  was  not  remarkable, 

being  much  the  same  as  that  obtained  on  a  slide  of  the  object  mounted 

dry.     The  resolution  of  the  former,  however,  was  all  that  could  be 

desired  with  the  means  at  command,  and  contrasted  favourably  with 

anything  ho  had  seen  before.    Previously,  with  a  Powell  and  Lealand's 

water-immersion  1/8  objective,  and  Wenham  disk  illuminator,  he  had 

seen  tho  strico  very  faintly  shown  on  a  balsam-mounted  slide.     Much 

-  J  better  resolution  had  been  effected  on  a  dry  mount  by  a  Powell  oU- 

3  immersion  1/25  objective,  and  their  achromatic  condenser.     But  even 

'-^^  this  result   was  not   to   be   compared   with   that  obtained   on  the 

j;  y  phosphorus  mount.     Using  Powell's  oil-immersion   1/12  objective 

,  ^''jj  (N.A.  1*43),  and  tlieir  oil-immersion  condenser,  the  strie  came  out 

j' :}  •  lioc.  cit.,  pp.  227-8. 

.\'\  t  Ku<;l.  Mcch.,  xxxviii.  (1883)  p.  280. 
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remarkably  clear  and  sharp,  and,  though  not  distinctly  broken  up 
into  dots,  gave  apparent  indications  of  a  want  of  continuity.  It 
would  be  interesting  (ho  adds)  if  other  observers  who  possess  large- 
angled  object-glasses,  and  corresponding  means  of  illumination,  would 
S'yo  their  experience  in  regard  to  the  new  slides  of  these  difficult  but 
Boinating  objects. 

Mioroscoplc  Test-Objects.*  —  Under  the  above  title  Mr.  K  M. 
Nelson  replied  to  Canon  Carr  as  follows  :—^*  Having  worked  at  these 
oljeots  for  some  years,  and  having  also  kept  pace  with  the  times  in 
objectives  and  apparatus,  I  will,  in  answer  to  Mr.  Carr's  request,  give 
the  results  of  my  experience:  1st,  the  total  abolition  of  oblique 
illumination  if  one  wishes  to  see  the  true  structure  of  an  object ;  2nd, 
object  mounted  dry  on  cover. 

I  use  a  Powell  achromatic  condenser,  accurately  centered  to  the 
optic  axis.  The  edge  of  the  flame  of  a  paraffin  lamp,  with  1/2  in.  wick, 
exactly  focused  on  the  object,  without  bull's-eye  or  mirror.  This 
Ulnmination,  with  a  Powoll  oil  1/12,  N.A.  1*48,  easily  resolves  A. 
pdUcida^  dry  on  cover,  with  direct  light — i.  e.  without  slot  or  stop. 

If  8.  gemma  is  examined  by  this  means,  the  hemispherule  theory 
is  at  once  exploded,  and  the  true  structare  (which  is  far  more 
beautiful)  is  revealed.  It  is  something  like  a  most  delicate  skeleton 
leal  This,  however,  is  very  difficult  for  a  beginner.  The  P. 
fonumm  is,  perhaps,  the  best  one  to  try  first.  Work  away  at  that 
until  the  hemispheres,  which  are  so  easily  seen,  give  place  to  a  square 
grating !  To  see  this,  with  a  1/4,  N.A.  *  74,  will  severely  test  the  lens 
and  the  observer's  manipulative  skill.  A  coarse  N.  lyra  and  a  2Vy* 
VUnmeUa  punctata  both  have  square  apertures,  and  are  very  easy. 
N.R — ^If  the  objective  is  much  out  of  correction,  the  square  apertures 
will  blur  round.  The  next  one  to  try  is  P.  angulaium.  In  this  a 
fracture  should  be  distinctly  seen  to  pass  through  the  apertures. 
The  apertures  will  take  a  rose  tint  if  the  glass  is  properly  corrected. 

It  is  manifestly  absurd  to  test  an  objective  by  a  fine  diatom  seen 
with  oblique  light,  for  only  a  small  portion  of  a  narrow  marginal 
lone  of  the  objective  is  used.  The  central,  and  by  far  the  more 
important,  part  of  the  glass  might  be  stopped  out. 

By  the  central  illumination,  however,  the  whole  of  the  objective 
is  used  ;  the  centre  by  the  dioptric  beam,  the  margin  by  the  diffiraction 
pencils.  In  former  days  one  used  to  hear  this  sort  of  thing  said : 
*  This  1/12  is  a  beautiful  diatom  glass.'  '  This  1/^0  is  splendid  on 
Podura^  but  not  good  at  diatom  resolving.'  (What  a  fine  thing  for 
the  opticians !  One  had  to  buy  two  glasses,  one  for  Podura  and  one 
for  diatoms.)  The  explanation  is  very  simple :  for  Podura  a  glass 
must  be  good  in  the  centre,  and  for  diatoms,  with  oblique  light  (the 
only  light  used  in  those  days),  good  in  the  fnarginal  zone.  So  uen 
the  1/10,  which  was  good  for  Podura,  and  the  1/12  for  diatoms,  could 
neither  of  them  have  been  thoroughly  corrected  from  their  centres  to 
their  margins.  I  have  a  glass  in  my  collection  which  is  very  fair 
on  Podura  when  the  screw-collar  is  in  one  position,  and  also  is  a 

*  Eugl.  Mcch.,  xxxvui.  (1883)  p.  324. 
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f^ood  diatom  rosolvor  with  its  collar  in  another  position ;  but  when  all 
its  zon€»  aro  tried  at  once,  by  the  direct  illnmination,  it  utterly  hreala 
down. 

With  regard  to  A,  pellucida,  the  $irongesi  resolution  is  obtained 
with  Poweirs  vertical  illuminator.  The  long  strie  can  only  be  seen  by 
thirt  mcthutL  Spurious  longitudinal  strisB  may  be  easily  seen  ;  but  the 
true  liiK'8  aro  very  difficult,  and  may  be  estimated  to  be  120,000  to  tbe 
in.  at  the  lowest  The  transverse  I  have  coimted  repeatedly,  and  find 
them,  in  Van  Ucurck's  specimens,  very  constant  at  95,000  per  inch. 
The  best  picture  of  the  trans-strisB  is  obtained  with  oil-immersioii 
1/12,  N.A.  1-43,  or  oil-immersion  1/25,  N.A.  1-88,  and  Powell's oQ- 
immcrsion  condeusor,  used  dry,  with  single  slot,  edge  of  flame  direct, 
valve  being  dry  on  cover.  The  lowest  angled  glass  with  which  1 
have  seen  the  transverse  strisB,  is  a  water-immersion  1/16,  N.A. 
1-08,  and  the  lowest  power  1/4,  N.A.  1"17." 

In  reply  to  a  letter  from  '*  Monachus  "  *  inviting  Mr.  Nelson  to 
state  how  lie  came  to  recognize  that  oblique  illumination  must  be 
entirely  abolished  in  fiavour  of  central,  and  that  by  so  doing  we  shtll 
SCO  the  trw  structure  of  the  object,  Mr.  Nelson  wrote  :f — **  I  began  to 
realize  the  uselcssnoss  of  oblique  light  for  the  determination  of  true 
structure  during  a  lengthened  examination  of  a  Nobert's  19-band  plate. 
I  was  much  struck  by  the  appearance  of  a  single  line  of  the  first 
band,  when  viewed  by  an  oil-immersion  N.A.  1*25,  illuminated  by  a 
large  angled  cono  of  direct  light  The  groove  which  the  diamond 
had  ploughed  in  the  glass  was  most  distinctly  seen,  and  along  the 
sides  of  the  groove  thoro  were  places  where  the  chips  of  glass  had 
flown  oflf.  \\  ith  oblique  light  all  this  was  lost ;  the  line  appeared 
as  if  it  hail  l>een  paiuted  on  the  surface  of  the  glass.  This  showed 
me  that  if  definition  was  wanted  direct  light  must  be  used. 

I  do  not  intend  for  one  moment  to  afi&rm  that  a  higher  band  of 
Nobert  can  bo  resolved  by  direct  than  by  oblique  light ;  but  this  I 
do  say,  that  the  ultimate  structure  of  a  diatom  can  only  be  demon- 
strated by  direct  light 

No  microscopist  in  the  present  day  would  uphold  the  theory  that 
the  ultimate  resolution  of  the  P.  angulatum  was  six  sets  of  lines  or 
grooves,  inclined  at  an  angle  of  60^  to  one  another.  But  a  similar  view 
of  it  was  held  in  Quekett*s  time,  for  in  the  frontispiece  of  his  book  there 
is  a  beautiful  engraving  of  it,  exhibiting  diamond-shaped  marks  all 
over  it;  a  false  conclusion,  the  result  of  oblique  light  Neither 
f-%  will  any  one  insist  that  the  ultimate  resolution  of  the  N,  BhonUfoidew 

T>j|  is  represented  by  two  sets  of  lines,  at  right  angles  to  one  another,  a 

'v  '  picture  produced  by  the  employment  of  two  beams  of  oblique  light 

i  ^  In  the  days  of  Griffith  and  llcnfrey  they  got  beyond  that,  and  dotted 

the  Blwmhoides. 

It  is  quite  natural  to  expect  that  with  the  increase  of  aperture 
and  the  improvement  in  objectives  there  should  be  simultaneously 
a  development  in  the  resolution  of  the  diatoms.  One  misses,  too, 
with  oblique  light,  all  that  beautiful  tracery  inside  the  hexagonal 

'  S  ♦  Engl.  Mech..  xxxviii.  (1883)  p.  341. 

! ;}:  J  t  Ibid.,  p.  386  (3  figs.). 


XOOLOaY  AND  BOTANT,  IQGBOSOOPT^  ETC.  141 

ueolAtion  of  the  CagdnodtMci^  which  can  only  be  seen  by  direct  light ; 
far  with  oblique  light  the  blur  of  the  hexagonal  Btmctnre  blots  out 
the  fine  markings.  When  we  come  to  the  very  finely-marked  diatoms, 
sadh  as  A.  peUueida  and  some  of  the  NitzschicB^  we  mast  be  content 
with  lines,  by  obliqne  light,  until  we  can  get  sufficient  aperture  to 
floable  ns  to  see  the  ultimate  structure." 

**  Monachus  "  rejoined  as  follows :  * — '*  I  am  obliged  to  Mr.  Nelson 
fbr  his  reply  to  my  letter,  as  it  leaves  no  room  for  ambiguity  as  to 
hii  TiewB. 

It  is  not  of  course  my  object,  in  occupying  your  space,  to  simply 
engage  in  a  personal  oontroversy  with  Mr.  Nelson,  and  1  therefore 
leaTe,  for  the  moment  at  any  rate,  many  points  in  his  letters  in  regard 
to  whioh  he  is  mistaken,  such  as  the  statements  about  the  two  bouns 
m  the  case  of  N.  Bhombaide$y  the  lines  and  dots  he  figures,  <fec.  My 
olrject  is  to  prevent  your  readers  being  misled  on  the  cardinal 
statement  of  Mr.  Nelson  that  he  (or  any  one  else)  has  seen  the  true 
stniotare  of  SurireUa  gemma^  or  any  similar  diatom.  When  this  is 
■een  we  shall  have  reached  the  millennium  of  microscopical  observa- 
tioii — ^how  &r  we  are  from  that  day  no  one  can  tell,  but  it  is  certain 
we  have  not  reached  it  yet ;  and  in  representing  what  he  saw  as  the 
'  true  structure,'  Mr.  Nelson  was  but  falling  into  the  same  error  as 
the  old  school  of  microscopists  whom  he  criticizes. 

I  will  first  quote  Mr.  Nelson*s  statement  verbatim : — *  If  S.  gemma 
is  examined  by  this  means,  the  homispherule  theory  is  at  once  exploded, 
and  the  true  structure  (which  is  far  more  beautiful)  is  revealed.  It  is 
■omething  like  a  most  delicate  skeleton  leaf.' 

Why  8.  gemma  is  beyond  the  reach  of  any  such  determination  of 
its  tme  structure,  it  is  the  object  of  the  succeeding  paragraphs  to 
alM>w. 

When  rays  emanating  from  a  luminous  body  are  transmitted 
through  any  structure,  which  by  its  opaque,  semi-transparent,  or 
refnotive  constituents  prevents  the  continuous  propagation  of  the 
Ituninoua  waves,  the  rays  cease  to  pass  through  in  straight  lines,  and 
each  pencil  is  split  up  into  a  conical  pencil  of  rays,  which  are  dis- 
trilmted  round  the  course  of  the  incident  pencil,  and  which  vary  very 
mnoh  in  the  extent  of  their  deviation. 

When  the  elements  of  the  structure  are  considerable  multiples  of 
a  wavelength,  that  is,  when  they  are  relatively  large,  the  spread  of 
the  diffiracted  rays  is  limited ;  but  when  the  elements  are  only  very 
small  multiples  of  a  wave-length,  that  is,  when  they  are  very  minute, 
the  diffiraoted  rays  are  spread  out  very  widely. 

Most  microscopiste  are  by  this  time  familiar  with  the  practical 
effiset  of  the  di£Eraction-spectra  under  the  Microscope,  and  have  seen 
the  experiments  which  show  that  the  same  diatom  will  give  numerous 
very  £fferent  images  according  as  we  admit  all  or  some  only  of  the 
diffifaotion-Bpectra.  By  stopping  off  successively  the  seven  spectra. 
Car  instance,  of  P.  angtJatumy  we  get  as  many  difierent  structural 
appeazancee — ^indeed,  no  less  than  nine  different  sets  of  lines  may  be 

♦  Engl  Mech.,  xxxviii.  (1883)  p.  481  (1  fig.). 
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displayed  on  this  diatom,  according  as  we  admit  or  ezclnde  particular 
sets  of  spectra.  The  resolts  obtained  from  this  manipulation  maybe 
summarized  in  three  propositions : — 

(1)  The  same  stmctore  will  gi?e  different  images  when  the 
diffraction-beams  are  made  different. 

(2)  Different  stractnres  will  give  the  $ams  image  when  the  difiao- 
tion-beams  are  made  similar  in  each  case. 

(3)  (the  proposition  which  is  most  pertinent  to  onr  present  subject). 
The  microscopic  image  of  a  stmctnre  is  never  in  perfect  accordance 
with  its  actual  composition,  or  true  structure,  unless  the  vhole  of  fie 
diffmction-pencil  ie  CLdmitied  to  the  Microscope ;  or,  in  other  words,  the 
image  is  always  more  and  more  dissimilar  from  the  true  structure  in 
proportion  to  the  greater  number  of  diffiraction-pencils  which  are 
excluded  from  the  Microscope. 

The  diagram  will  serve  to  illustrate  the  practical  application  of 
the  last  proposition  to  the  examination  of  diatoms.    If  the  struclure 

is    'coarse/   the    diffractian- 
Ftg.  26.  beams  will  all  be  included 

within  a  small  space  around 
the  central  pencil  (the  inner 
circle  of  the  figure),  and  in 
this  case  an  objectiye,  even  of 
limited  aperture,  will  receive 
them  all,  and  we  shall  have 
an  image  of  the  true  structure. 
Tf  the  object  is  finer,  the 
limited  aperture  will  not  be 
sufficient  to  take  up  all  the  dif- 
fraction-pencils, but  a  larger 
aperture  (the  middle  circle  of 
the  figure)  wilL  Still  more 
minute  structure  will  require 
a  still  larser  aperture,  as  is 
shown  by  the  outer  oirde. 
Now  the  elements  of  8. 
gemma  are  of  such  fineness  that  they  far  surpass  the  limits  of  any 
aperture  that  we  are  able  to  obtain  at  the  present  day.  Aperture  is 
limited  by  the  refractive  index  of  the  glass  of  which  the  objectives 
are  made,  and  that  of  the  immersion  fluid,  cover-glass,  and  slide,  and 
hitherto  wo  have  not  been  able  to  obtain  more  than  1  *  47  N. A.  out  of 
a  possible  1  *  52.  An  aperture  even  of  1  *  52  would  take  up  but  a  oori 
of  the  diffraction-beams  to  which  the  structure  of  S.  gemma  gives 
rise,  and,  therefore,  with  our  widest  apertures  it  is  impossible  for  us 
to  see  its  true  structure.  I  need  not  give  the  figures  of  the  calcula- 
tion here  ;  but  the  fact  is  that  to  see  the  true  structure  in  reality,  we 
should  require  objectives,  slides,  and  immersion  fluids  far  surpassing 
in  refractive  index  any  substance  hitherto  known  to  exist  in  nature. 

To  quote  Prof.  Abbe :  '  All  speculations  as  to  the  true  structure 
of  even  P.  angukUum^  so  far  as  they  depend  on  microscopic  vision, 
are  mere  phantoms,  castles-in-the-air.     No  human  eye  has  ever  seen, 
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or  will  ever  see,  the  complete  difi&action-spectra  arising  from  a 
Btmctore  of  this  minuteness,  nor  will  any  Microscope  ever  show  an 
enlarged  copy  of  it,  so  long  as  the  spectra  cannot  be  observed  in  a 
medium  of  at  least  5  *  0  refractive  index,  and  by  an  objective  of  5  *  0 
N.A.,  which,  as  far  as  our  present  knowledge  goes,  is  an  impossibility. 
The  Microscopes  of  the  present  day  admit  relatively  a  small  central 
portion  of  the  whole  difi&action-pencil  of  the  valve — ^i.  e.  the  incident 
beam  and  the  six  spectra  of  the  inner  circle.  Bat  this  portion  is 
also  yielded  by  a  multitude  of  other  objects  which  are  endowed  with 
an  alternation  of  superficial  or  internal  molecular  structures  which 
cross  each  other  in  two  different  directions  at  an  angle  of  60°.  Such 
structures  may  be  formed  in  various  widely  different  ways ;  it  may 
be  by  rows  of  spherules  or  other  prominences  of  any  shape  whatever ; 
rows  of  internal  vacuoles  of  any  figure,  or  the  mere  internal  alterna- 
tions of  molecular  aggregations  within  a  perfectly  transparent 
and  smooth  silica  film.  And  yet  all  of  these  yield  with  central 
light  the  identical  circular  field  of  the  angulatum  valve,  even  to  the 
most  minute  particular.  But  although  these  spectra  are  identical  as 
ftr  as  the  six  inner  spectral  beams  are  concerned,  they  may  be  vastly 
different  in  regard  to  some  or  all  of  the  more  widely  diffiracted  pencils 
which  are  not  admitted  by  the  objective.' 

However  expert,  therefore,  a  microscopist  may  be  (and  every  one 
knows  the  high  point  which  Mr.  Nelson  has  reached),  he  must  not 
delude  himself  with  the  notion  that  perfection  in  technical  dexterity 
enables  him  to  determine  the  '*  true  "  structure  of  objects  whose  real 
structure  cannot  be  revealed  with  our  present  appliances  by  any 
amount  of  manipulation.  The  greater  his  own  reputation  in  this 
respect,  the  more  undesirable  it  is  that  he  should  proclaim  such  mis* 
leading  views,  to  the  perplexity  of  his  less  experienced  brethren." 

Resolution  of  Amphipleura  pellnoida  by  Central  Light — This 
has  been  the  subject  of  some  controversy  in  America.  Mr.  A.  T.  Moore* 
considers  the  real  explanation  of  the  resolution  when  the  mirror  is 
central  to  be  that  the  edge  of  the  front  cell  of  the  objective  radiates 
the  light  and  all  light  reaching  the  bottom  of  the  slide  at  a  greater  inci- 
dence than  the  critical  angle  is  reflected  upwards  and  enters  the  lens 
after  having  passed  through  the  diatom. 

Dr.  H.  J.  Detmerst  considers  this  explanation  to  be  quite  untenable 
and  the  true  cause  to  be  that  "  the  resolving  rays  are  reflected  from 
the  (externally  convex)  internally  concave  surface  of  the  edge  of  the 
immersion  fluid." 

Prof.  A.  T.  Moore,  in  reply,}  insists  upon  the  correctness  of  his 
▼iew  and  the  insufficiency  of  that  of  Dr.  Detmers,  inasmuch  as  the 
field  of  view  takes  the  colour  of  the  metal  of  which  the  front 
cell  of  the  objective  is  made.  This  would  not  occur  if  the  light  were 
reflected  from  the  edge  of  the  drop  of  immersion  fluid. 

♦  The  MicroBOope,  iii.  (1888)  pp.  4^-51  (1  fig.).    Cf.  this  Journal,  iiL  (1883) 
p.  595. 

t  Ibid.,  pp.  197-201. 
X  Ibid.,  pp.  201-4. 
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Albebtotti,  O.,  Jan.— Salla  Micrometria.    (On  Micrometry.)    [/*o*<-l 

Attn,  di  OttatmoUMfia,  XI.  (1882)  pp.  29-30  (I  pi.). 
Klin.  MonatM.  /.  AujenAfilkumle,  1S82. 

Axon.— The  Wond»'r8  of  Optirs. 

[Imiuiry  for  "^u  plaiw  that  I  ran  Fce  tltroagh  paper  or  leather,  aud  if  yoa 
have  one  pKfiiM'  to  be  kind  enough  to  ncnd  me  the  price  of  it  at  onoe*" ; 
uiiil  rt'plv  of  editor,  '*  Punch  a  h^do  in  the  ]>ap<'r  or  l<-ather.**] 

Micr.  BulUtoi^  I.  (1883)  p  7. 
lUiiLow,  T .— Sw  Tolh  8,  R.  B. 

Uiiur<*h  and  Lomb  Optictil  Cu.'^ncw  pattern  '*  Investigator  IinproTed  "  Microaoupe, 
and  1/4  in.  oiijective. 

[Oiatsc  odjutftment  moves  nearly  2  in.  higher — pillar  heavier  and  higher— 
sepurablo  swinging  tuil-pieced — Objective  with  extra  large  working 
di»tunce.] 

The  Microscope,  III.  (1883)  p.  239. 

Beli.,  J.  S.  B. — Warm  Sta^e  aiid  Stage  Oindenser  fur  Diatomaoew. 

[Worm  btage  ftost.  Stage  condenser  **bimply  an  addition  of  a  shatter 
to  the  hemibpherical  lens  ....  similar  to  that  used  by  Powell  aod 
Leoland."] 

i/icr.  Kews,  TV.  (1884)  pp.  19-20. 

Blackiiam,  G.  E. — Tiic  relation  of  aperture  to  amplification  in  the  selection  of  a 
series  of  Micioscoix)  Objectives.     [A'o.f^.] 

Proe.  Aiiur.  Suc.  Micr,y  6th  Ann.  Meeting,  pp.  33-41. 

Diacuitadou,  pp.  227-31. 
„  „        Sec  also  Tolles,  R.  B. 

Bbadburt,  W. — The  Achrumatic  Object-glass,  XXIX. 

Eii^jl.  Mech.,  XXXVIU.  (1883)  pp.  258-9  (1  fig.). 

„  „      On  Eye-pieces.        „  „  (1884)  pj*.  401-2. 

BvLLOCH,  W.  H.— New  Congress  Nose-piece.     Patented  1883.    ISupra,  p.  118.] 

The  Mkrosci'pe,  III.  (1883)  p.  218  (2  figs.). 
Also  U.S.A.  Patent,  No.  287904,  of  23rd  January,  1883. 

C,  J.  A.— See  Penny,  W.  G. 

Carb,  E.— Microscopic  Test  Objects.    [Supra,  p.  138.] 

Engl  Mech.,  XXXVIU.  (1883)  p.  280. 
Cohen,  E.,  and  Grimm,  J. — Sammlung  von  Mikrophotographien  zur  Yeran- 
schauliehung  der  Mikroskopischon  Structur  von  Minerulien  und  Gesteinen. 
(Oollccti>»n  of  iiiicro-pholographs  for  the  demonstnition  of  the  microscopical 
structure  of  minerals  and  rocks.)  Parts  IX.  and  X.  (conclusion).  88  pp. 
Plates  05-80.  4U),  Stuttgart,  1883. 
COHN,  F. — Bicentenary  of  Bacteria. 

[Calls  attention  to  the  fact  that,  in  a  letter  dated  14th  September,  1683, 
A.  van  Ix>cuwenhoek  gave  notice  to  the  Royal  iskxsiety  that  with  the  aid 
of  his  Microscope  he  had  diexx>vered  in  the  white  substance  adherine  to 
his  teeth  very  little  animals  moving  in  a  very  lively  fiishion.  *'  They 
were  the  first  bacteria  the  human  eye  ever  saw."    [S<e  also  "  L.,"  m/ra.j 

Haiwre,  XXIX.  (1883)  p.  154. 
Colt,  J.  B. — Determination  of  the  Foci  of  Lensrs. 

U.S.A.  Patent.  No.  288025,  of  17th  September,  1883. 

Coombs,  C.   P. — Address  as  President  of   the  Postal    Microscopical   Society, 
11th  October,  1883. 

[On  "  examining  occasionally  the  food  we  ent  or  the  clothes  we  wear.**] 

Jvurn.  of  Microscopy,  III.  (1884)  pp.  1-7. 
Ck>x,  J.  D.— A  new  form  of  Microscope  stand  with  concentric  movements.    [iVsi.] 

Proc.  Amcr.  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  147-8  (1  flg.). 

Discussion,  pp.  285-0. 
D.,  B.  T. — Graphic  Microscopy. 

[Description  of  coloured  lithograph  of  TYn^i's  Cr.issiochari.] 

Sci..Oossip,  1884,  pp.  1-2  (1  pi.). 
Darling,  S.— Micrometer.  U.S.A.  Patent,  No.  287420,  of  1st  March,  1883. 
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D^  K  T. — Drawing  firom  the  Microscope. 

[Pointa  out  the  error  of  B.  Hobson's  suggestion — Vol.  III.  (1883)  p.  725— 
of  a  semi-rotation  of  the  stage  to  cure  the  iuTersion  with  the  neutral  tint 
reflector.  Also  remarks  on  the  value  of  the  camera  lucida :  **  In  micro- 
scopical work  the  camera  lucida  is  merely  a  preliminary  adjunct  of  limited 
utility  in  determining  proportions;  no  graphic  or  perfect  drawing  is 
help^  by  its  continued  use ;  after  affording  Uie  barest  outlines  and  positions 
the  instrument  becomes  an  encumbrance,  and  those  who  are  practised  in 
its  employment  feel  a  palpable  sense  of  relief,  and  breathe  again,  when 
it  is  got  rid  of,  to  settle  down  to  the  earnest  work  of  direct  vision  from  the 
Microscope.'^ 

Sci.'Gossipj  1883,  pp.  266-6  (1  fig,}. 
Di^ir,  A. — Microscopical. 

[Description  of  a  '*  micro-magic  lantern  **  with  or  without  camera  lucida.] 

EngL  Mech.,  XXXVIII.  (1884)  p.  391  (1  fig.). 
BmcEBS,  H.  J. — Besolution  of  AmpfMeura  by  sunlight,  mirror-bar  central ;  with 
letters  from  B.  B.  Tolles  and  A.  Y.  Moore. 

TKe  Micro89ope,  III.  (1883)  pp.  197-201  and  p.  221. 

DiCKEVBON. — Art  of  photogpraphing  microscopic  objects. 

[The  apparatus  consists  of  (1)  an  inexpensive  magic  lantern,  illuminated  by 
a  triplex  petroleum  lamp  with  the  ordinary  combination  of  lenses,  and  an 
extra  tube  with  a  small  bull's-eye  condenser;  (2)  a  Microscope,  placed 
horizontally,  without  the  eye-piece;  and  (3)  a  frame  to  hold  the  glass 
Boreen  for  focusing  the  image,  and  to  receive  the  sensitized  plate  when 
photograpluDg.  The  period  of  exposure  is  from  eighteen  seconds  to  two 
hours.] 

Note  read  before  Academy  of  Medicine  in  Ireland. 
Engl.  Mech,,  XXXVIII.  (1883)  p.  279. 
Sci,'Qossip,  1884,  p.  17. 
INnner,  Microscopists  at. 

[Facetious  account  of  a  mythical  dinner  at  which  **  every  article  of  food  was 
carefWy  examined."] 

The  Microscope,  III.  (1883)  p.  233. 
DiFFEL,  L. — ^Ein  verstellbares  Zelchenpult.    (An  adjustable  drawing  desk.) 

[Beported  as  from  Lab.  Hist.  Collige  de  France,  1883,  p.  188,  instead  of  1879. 
[See  Vol.  in.  (1888)  p.  565.] 

Bot  CentraVA,,  XVII.  (1884)  pp.  62-3  (2  figs.). 
Eye-pieoes,  Beport  of  the  Committee  on. 
[VoLm.(1883)p.  711.] 

Froc.  Amer,  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  175-7. 

Discusuion,  pp.  238-9. 
FnoHEB,  O. — Ueber  einige  Versuche  zur  Hebung  der  ChromatiBchon  Aberration 
dioptrisoher  Femrohre.    (On  some  attempts  to  remove  tlie  Chromatic  Aberra- 
tion of  dioptric  Telescopes.) 
[Contains  an  abstract  of  S.  Merz's  article  *' Ueber  Dispersionsvorhaltnisse 
optischer  Olaser  "  (Vol.  II.  (1882)  p.  565),  with  additional  remarks.  Also 
report  of  letter  frcun  K.  W.  Zenger  on  his  Endomersion  Objectives,  ante, 
VoL  m.  (1883)  p.  596,  and  post,^ 

Centrai'Ztg.  /.  Optik  u.  Mech.,  IV.  (1883)  pp.  265-7. 
GuMV,  J.— See  Cohen,  E. 

Haosb,  H. — Le  Microscope.  Th^rie  et  Application.  (The  Microscope.  Theory 
and  application.)  Translated  from  the  4th  German  edition  with  annotations  by 
L.  Plaiiohon  and  L.  Hugomienq.  Introduction  by  J.  E.  Planchon.  x.  and 
264  pp.,  350  figs.    18mo,  Paris,  1884. 

Hammohb,  a. — Address   on   resigning  the  chair  of  the  Postal  Microscopical 
Society. 
[Account  of  the  notes  written  by  members  of  the  Society  on  the  slides 
oiroolated.] 

Jovm.  of  Microscopy,  III.  (1884)  pp.  7-17. 
HnrfJAin,  Prof. — See  Micrometer  Scale. 

Ber.  2.— Vol.  IV.  L 
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HrrcHOOCK,  R.~KoteB  from  Abrotd. 

[Bom  &  Co.'a  eetablishment  and  Dr.  Schroder.  Menrs.  R.  &  J.  Beck. 
Bfr.  Crouch.  Powell  &  Lealand.  Swift  ft  Son.  Swift's  Achromatic  Coi- 
denacr  (2  figs.).    Swift's  Wale's  Stand  (1  fig.).] 

Amer,  Mon.  Micr,  /o«rn.,lV.  (1883)  pp.  22&-9  (3  figs.). 
„  „        A  new  Camera  liUcida. 

[Dr.  H.  Schroder's,  Vol,  IIL  (1883)  p.  813.] 

Amer,  Mon.  Micr,  Jowm.^  TV.  (1883)  p.  280. 
The  Armj  Medical  Museum. 
[As  to  Dr.  Woodward's  retirement] 

Amer.  Mon.  Micr.  /oum.,  IV.  (1883)  pp.  236-7. 
Testing  a  Microscope. 
[Directions  for  testing  (1)  tne  centering  of  objectiyes,  (2)  the  binocular.] 

Amer.  Mon.  Micr.  Joum.,  V.  (1S84)  pp.  7-8. 
„  „    A  simple  Eye-piece  Indicator. 

[A  hair  attached  to  the  diaphragm  of  the  eye-piece  and  extending  half-way 
across  the  field  of  view.] 

Amer.  Mon.  Micr,  Joum.,  V.  (1884)  pp.  8-9. 
,,  „    Bulloch's  improved  "  Biological "  stand. 

[Improved  substage.    Posf]      Amer.  Mon.  Micr.  Joum.^  V.  (1884)  pp.  9-10. 
„  ,,    Microscopical  Societies. 

[Recommending  practical  demonstrations  like  those  of  the  Quekett  Micro- 
scopical Club.] 

Amer.  Mon.  Micr.  Joum.,  V.  (1884)  p.  16. 
See  also  Tollcs,  R.  B. 

Holmes,  E.— Drawing  from  the  Microscope. 

[Remarks  on  E.  T.  D.  supra,  and  suggesting  that  with  the  neutral  tint 
reflector  **  he  has  but  to  turn  his  slide  over,  i.e.  cover  downwards  on  the 
stage,  to  make  liis  outlines,  and  then  put  his  slide  right  way  up  when  he 
fills  in  his  detail  freehand."] 

8ci.'0o88ip,  1884,  pp.  17-18. 
Holmes  (O.  W.)  Dr.,  and  the  Microscope. 

[In  a  recent  speech,  in  illustrating  the  microscopical  facilities  of  the  Harraid 
Medical  School,  he  said  : — **  A  man  five  feet  high,  enlarged  to  correspond 
with  the  Microscope  power  used,  would  be  a  mile  high,  would  weigh 
120,000,000,000  lbs.,  and  could  pick  up  the  Boston  State  House  and 
chuck  it  into  the  sea,  cleaning  out  that  ancient  structure  by  a  suomiary 
process  which  would  put  to  shame  the  exploits  of  Clommodus  and  his 
kind."] 

Micr.  News,  m.  (1883)  p.  340. 
HcGOUNENQ,  L. — See  Hager,  H. 
James,  F.  L.— The  Fakir  and  his  little  Fakes. 

[I.  Warning  against  using  dWer-pIating  fiuid  sold  by  street  venders  as  it 
disintegrates  the  brass  of  objectives  ;  formula  for  a  good  fluid.  II.  Anec- 
dote of  a  street  vender  of  Microscopes  who  showed  paste  eels  as  animal- 
cules in  water.] 

The  Microscope,  HI.  (1883)  pp.  193-7. 
Kohl,  G. — Boecker  s  neuer  Zeichen-Apparat  nach  Dippel.    (Boecker*s  new  Draw- 
ing Apparatus  after  Dippel.)    [Suprci,  p.  119.] 

Bat.  Centram.,  XVI.  (1888)  pp.  385-6  (1  flg.> 
L. — Bicentenary  of  Bacteria. 

[Suggests  that  the  Royal  Society  should  celebrate  it  by  urging  on  the 

Government  the  formation  of  a  national  laboratory  of  hygiene.] 
See  also  Cohn,  F.,  supra. 

Nature,  XXIX.  (1883)  p.  154. 
LippiCTH,  F. — Vorschlag  zur  Construction  eines  neuen  Spectral-apparatus.    (Pro- 
posal for  the  construction  of  a  new  spectral  apparatus.) 

[Ck>ntains  a  description  of  an  **  Astigmatic  Mikroekop-Gcnlar,"  oonsLsting  of 
two  cylindrical  and  two  plano-convex  lenses,  for  use  with  a  spectroscope.] 

Zeitschr.f.  fnstrumentenk.,  IV.  (1884)  pp.  1-8  (2  flgi.). 
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ICarbfikld,  J.  M. — DiTluon  of  labour  lunong  mioroeoopists.    IPost.'] 

Proc,  Amer,  Soc,  Micr,^  6th  Ann.  Meeting,  pp.  43-5. 

DiBcoBsion,  pp.  281-2. 
Matthews'  (J.)  Simple  Berolying  Table. 

[Two  perfectly  flat  wooden  boards,  placed  iaoe  to  face,  the  upper  one  turning 
on  a  pivot  in  the  centre  of  the  lower.  The  lower  board  should  have 
some  rubber  on  its  under  surface,  or  some  material  which  will  cause  it  to 
remsiu  in  position  on  a  table  while  the  upper  one  is  caused  to  revolve.] 

Amer.  Men.  Micr.  Joum.,  IV.  (1883)  p.  238. 
Micrometer  Scale»  A,  1882. 

1.  History  of  the  National  Committee  on  Micrometry.    By  B.  H.  Ward. 

2.  Beport  of  the  National  Committee  on  Micrometry,  and  accompanying 

report  of  Prof.  Hil^^ard. 
8.  A  study  of  the  Centimetre  marked  **  A,"  prepared  by  the  U.S.  Bureau 
of  Weights  and  Measures  for  the  Committee  on  Micrometry.    By 
W.  A  Hogers. 
4.  Bules  for  the  control  of  the  standard  Micrometer. 

Froc.  Amer.  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  178-200. 
"Monaohus." — ^Microscopic  Test  Objects.    [Supra,  pp.  140-1.] 

Engl.  Mech.,  XXXYIII.  (188iM)  p.  341  and  p.  431  (1  fig.), 
MOOBB,  A.  Y. — ^TheBesolution  of  Amphipieura  pellucida.    A  reply  to  Dr.  Detmers. 

The  Microscope,  III.  (1883)  pp.  201-4.    (See  also  pp.  200-1.) 
Kelson,  R  M. — ^Microscopic  Test  Objects.    [Supra,  pp.  189-40.] 

Engl.  Mech.,  XXX VUL  (1883)  p.  324  and  p.  386  (3  fi^.)- 
„  „        On  the  relation  of  Aperture  to  Power  in  Microscope  Object- 

ffift^M^fl    r  Post  1 

Engl.  Mech.,  XXXVm.  (1883)  pp.  367-8. 
NuHN,  B.  J. — The  Microscope  in  Medical  Gynecology. 

[**  For  clinical  microscopy  no  great  depth  of  learning  nor  an  intimate 
acquaintance  with  fine-spun  theories  is  required,  but  a  plain  practical 
knowledge  of  the  names  and  appearance  of  a  few  of  the  forms  which  Uie 
Microscope  reveals.  It  is  not  necessary  to  know  what  everything  seen  in 
the  Mici'OBCope  is;  it  is  sufficient  to  (now  what  it  is  not.  Judt  as  it  is 
not  necessary  to  be  an  accomplished  botanist  to  distinguish  an  oak  tree 
from  a  turnip,  or  to  be  a  deeply  learned  naturalist  to  tell  a  horse  from 
a  goat,  so  it  is  unnecessary  to  be  a  thorough  pathologist  to  be  able  to 
mi^e  good  use  of  the  Microscope  for  clinical  purposes."] 

Sep.  repr.  from  Trans.  Med.  Assoc.  Georgia,  1883,  pp.  8-10. 

Feevt,  W.  G.— Theory  of  the  Eye-piece.    I.  The  Dispersion  of  Light.    II.  Dis- 
persion of  Light    Also  criticisms  by  J.  A.  C.    III.  Spherical  Aberration. 
Engl.  Mech.,  XXXVIU.  (1883)  p.  283  (1  fig.),  p.  367  (1  fig.),  p.  390  (1  fig.). 

FrAvr's  Mikrogoniometer. 

Boffmann*$  Bencht  u.  d.  Wiss.  App.  a,  d,  Londoner  Intemat.  AussteU.  1876  (1881) 

pp.  435-6  (1  fig.),  p.  738. 
FLaechoe,  J.  E.— See  Hager,  H. 

PouLSEE,  V.  A. — Botanical  Micro-chemistry.  Translated  with  the  assistance  of 
the  author,  and  considerably  enlarged  by  W.  Treleasc.  [Supra,  p.  91.]  zviii. 
and  118  pp.,  8yo.,  Boston  1884, 

Powell,  Hugh,  Death  of. 

Engl.  MecK  XXXVIU.  (1883)  p.  279,  from  Times,  Nov.  1883 ; 
8ci.'Oos8ip,  1884,  p.  17  ;  Joum.  of  Science,  VI.  (1884)  p.  51. 

''Prigmatique.** — Object-glass  working,  IX.  and  X. 

Engl.  Mech.,  XXX  VIU.  (1883-4)  p.  296  (1  fig.),  pp.  420-1. 
BsfEEB,  W.  B.— See  Voroe,  C.  M. 

RooEBH,  W.  A. — A  critical  study  of  the  action  of  a  diamond  in  ruling  lines  upon 
glass.    [Suproj  p.  126.] 

Proc.  Amer.  Soc  Micr,,  6th  Ann.  Meeting,  1883,  pp.  149-65. 
«  „        Bee  Micrometer  SoUe. 

A.  C— A  Growing-cell  for  minute  Organisms.    [Supra,  p.  122.] 

8ci.-Qo9sipy  1883,  pp.  8-9  (1  fig.). 
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Stowell,  C.  U.  and  L.  R. — A  new  Microioopioal  JonmaL 

['  Science  liccord.'!  79U  Microscope,  IIL  (1883)  p.  223. 

„  ,,    Fatioldt'ii  Micrometen. 

[Micnimoier  which  showed  Newton's  rings  in  a  beaotiful  manner;  also 
a  newly  ruled  micrometer,  each  alternate  line  being  ruled  longer,  so  that 
the  end  of  I'ach  band  is  half  the  valoe  of  the  band  proper ;  that  is,  if  the 
band  wiis  in  the  field  ruled  50,000  to  the  inch,  then  the  end  of  that  band 
would  show  25,000  to  the  inch.  Therefore,  as  Mr.  Faaoldt  says,  "  one 
can  cQfiily  judge  if  there  is  any  di£&action."] 

The  Microscope,  IIL  (1883)  p.  239. 
M        C.  H. — A  Microscopic  Inflation. 

[Facetious  rejoinder  to  Dr.  O.  W.  Holmes'  statement,  supra,  aa  to  the  siie  of 
an  enhirgi'd  Harvard  student.] 

TK€  Microscope^  lY.  (1883)  pp.  10-11. 
„    See  Tollos,  R.  B. 
T.  T.— Microscopic  Test  Objects. 

[Points  out  the  error  in  E.  M.  Nelson's  suggestion,  ncpro,  p.  139,  that  ob- 
jectives should  not  be  tested  by  oblique  light.] 

Engl,  Mech.,  XXXVIII.  (1884)  p.  38a 
„    Relation  of  Aperture  to  Power  in  Mioroeoope  Objeot-glaaaes. 

[Reply  to  E.  M.  Neldon,  supra^  showing  the  wide  mfferenoe  between  his 
figures  and  those  of  Prof.  Abbe.] 

Engi.  Mech,,  XXXYHI.  (1884)  p.  410. 
Tetlow,  D.— Microscope.  U.S.A.  Patent,  No.  287978,  of  24th  August,  1883. 

ToLLES,  R.  B.,  Death  of.  Boston  Evening  Transcript,  28th  Nov.,  1883. 

EngL  Mech^  ILXXVUI.  (1883)  p.  33a 

Science,  UI.  (1883)  p.  726. 

[^^  Mr.  Tulles  has  been  long  known  for  the  construction  of  Microscopes  and 

Telescopes  of  unusually  short  foooB.    He  made  the  highest-power  Micio- 

8Ci)pe  produced  in  America  " !]  Athenmum,  1883,  p.  819. 

iffcr.  News,  IV.  (1884)  p.  25. 
The  Microscope,  IV.  (1884)  pp.  3-4  (T.  Barlow) ;  pp.  4-5  (O.  H.  StoweU) ; 

pp.  5-6  (G.  E.  Blackham). 
Amer.  Mon,  Micr.  Joum,,  V.  (1884)  pp.  10-11  (8.  Wells  and  B.  Hitchcock). 

Micr.  Bull.,  X.  (1883)  pp.  5-6. 

Science  Record,  II.  (1883)  p.  48. 

„  „    See  Detmcra,  H.  J. 

ToBNEBOHM,  A.  E. — Ueber  oiue  Vorrichtung  an  Mikroskoptischen  zor  allgemein 

giiltigen  Fixiruug  eines  bestimmten  Punktes  in  einem  Praparat.     (On  an 

arrangement  of  tne  microscope-stage  for  the  universal  fixing  of  a  given  point 

in  a  preparation.)    [^I'osi.'] 

Neues  Jahrb.  /.   Mineral,,  1883,  L,  pp.  195-6. 
Treleabe,  W.— See  Poulsen,  V.  A. 
VoBCE,  C.  M.— A  Memoir  of  W.  B.  Reznor. 

Proc.  Ainer,  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  242-5. 
Walmsley,  W.  H. — Photo-micrography  with  dry-plates  and  lamplight 
[Vol.  III.  (1883)  p.  556.] 
y  rroc.  Ainer.  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  59-64  (1  fig.). 

j  Wabd,  R.  H. — See  Micrometer  Scale. 

Wells,  S.— See  ToUcb,  R.  B. 

Whttino,  Sabah  F. — College  Microscopical  Societies. 

[Advantages  of  such  societies,  and  how  they  can  be  made  a  success.] 

Proc.  Amer.  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  27-31. 

Discussion,  pp.  225-7. 
Wbigut,  L. — Lantern  and  Limelight  matters. 

[Comparative  optical  conditions    of  wick'd  lamps  and  the   limelight — 
Condeusers — Lime-j  ets.  ] 

Ejigl.  Mech.,  XXXVIIL  (1883)  pp.  343-4  (2  figs.). 
Zengbb,  K.  W.— See  Fischer,  G. 
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B.  Collecting,  Mounting  and  Examining  Objects,  Ac. 

Konnting  and  Photographing  Sections  of  Central  Hervoiu 
Syitem  of  Aoptiles  and  fiatraohians.* — Dr.  J.  J.  Mason  describes 
the  methods  he  employed  in  mounting  the  sections  from  which  the 
plates  illustrating  his  book  t  were  "  artotyped." 

^  Both  the  brain  and  spinal  cord  were  entirely  separated  from  the 
body,  and,  with  their  membranes,  placed  in  iodine-tinted  alcohol 
untu  they  had  acquired  a  slight  degree  of  consistency — ^from  six  to 
twelve  hours.  They  were  then  transferred  to  a  3 :  100  solution  of 
bichromate  of  potash,  with  a  small  piece  of  camphor,  in  a  tightly 
corked  wide-mouthed  bottle,  and  allowed  to  remain  until  ready  for 
cutting,  renewing  the  solution  every  two  weeks. 

The  time  required  for  the  hardening  process  yaries  considerably 
in  different  animals,  and  this  variation  is  more  dependent  upon  the 
dass  of  animal  than  upon  the  relative  dimensions  of  the  specimens. 

Por  example :  on  the  same  day  I  placed  the  brain  of  a  large  rattle- 
make  with  that  of  a  small  salamander  in  the  same  bottle,  and  at  the 
end  of  six  weeks  the  former  was  ready  for  section,  whilst  the  latter 
was  not  sufficiently  hard  until  a  month  afterwards.  By  thus  em- 
ploying the  same  reagent  in  all  cases,  I  have  been  able  to  note 
ooDstant  differences  in  the  action  of  both  the  hardening  and  the 
colouring  agent,  carmine. 

Perhaps  the  most  striking  illustration  of  this  is  famished  by 
the  nervous  centres  of  tailed  batrachians,  which,  while  they  stain 
▼erj  readily,  invariably  require  about  a  third  more  time  to  harden 
than  specimens  from  the  other  orders.  Specimens  from  ophidians 
stain  less  satisfiEictorily  than  those  from  any  other  of  the  classes  which 
I  have  studied,  while  with  the  spinal  cordis  of  alligators,  turtles,  and 
frogs  failure  to  obtain  good  results  in  this  particular  is  very  rare. 

In  all  cases  the  sections  have  been  stained  after  cutting,  injury 
from  excessive  handling  being  wholly  avoided  by  the  use  of  siphon- 

*  *  Minute  Btruoture  of  the  Central  Nervous  Syatem  of  certain  Reptiles  and 
Batxachians  of  America,'  1879-1882.    Cf.  iii.  (1883)  p.  910. 

t  **The  methods  of  histology  have  reached  a  perfection  which  is  building  up 
new  departments  of  knowledge,  and  among  successful  pioneers  in  these  lam>ur8 
I^.  Mason  will  always  hold  an  honoured  place  for  the  technir*al  skill  with  which 
he  brings  the  reader  face  to  face  with  the  revelations  of  his  Microscope,  and  for 
the  sumptuousness  with  which  his  work  is  given  to  the  world.  No  such  mono- 
graph has  previously  come  under  our  notice,  for  the  illustrations  of  a  difScult 
xeaeaich  leave  nothing  to  be  desired.  .  .  . 

**  No  words  could  do  justice  to  the  beauty  of  the  plates  or  the  value  of  the 
hifonnatioii  they  convev ;  and  it  is  not  too  much  to  regard  this  work  as  opening 
a  new  era  in  research  by  substituting  knowledge  of  facts  of  microsoopiciu 
•tmoture  for  their  interpretation  bv  the  hand  of  artist  or  author ;  but  we  can 
■caroely  hope  to  see  many  books  so  beautifully  illustrated.  The  author's  method 
baa  the  merit  of  inaugurating  a  comparison  of  the  minute  anatomy  of  the  nervous 
■yatem  by  enabling  the  reader  to  see  the  structures  which  he  has  discovered  as 
lie  saw  them ;  and  hence  the  book  will  always  be  a  valuable  work  of  reference ; 
and  it  will  certainly  induce  others  to  hand  on  the  torch  of  knowledge  in  a  like 
flxoellent  way." — From  Bibliographical  Notice  in  Ann.  and  Mag.  Nat.  Hist,  xii. 
(1888)  pp.  270-4. 
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tubes  to  remoye  the  alcohol  and  washings.  For  prodnoing  trana- 
paronoy,  oil  of  cloyes  has  been  nsed,  and  the  mounting  has  been 
done  under  thin,  clear  corersy  in  a  solution  of  Canada  balsam  in 
chloroform. 

All  the  negatives  have  been  made  on  glass  thorooghly  cleaned 
and  lightly  coated  with  a  solution  of  wax  and  benzole,  so  that  the 
collodion  film,  previously  made  adherent  to  thin  sheets  of  gelatine, 
could  be  safely  removed  from  the  plate.  The  flexible  negatives  thus 
obtained  are  well  adapted  to  the  artotype  process,  and,  as  they  can 
be  indefinitely  preserved  between  the  leaves  of  an  ordinary  scrap- 
book,  are  very  desirable  for  a  series  of  illustrations.  In  maSdng  the 
original  negatives  on  glass,  the  *wet  collodion  process,'  with  the 
sulphate  of  iron  developer,  has  been  exclusively  employed. 

The  prints  correspond  exactly  with  the  negatives,  both  in  outline 
and  detail.  No  distortion  occurs  as  in  silver  printing,  in  which 
process  the  paper  is  subjected  to  prolonged  washii^g. 

In  many  of  the  photographs  the  grey  substance  appears  lighter 
in  shade  than  the  white  substance.  This  appearance  is  due  to  a 
greater  degree  of  transparency  of  the  grey  substance  in  these  sec- 
tions, resulting  from  the  action  of  the  oil  of  cloves,  followed  by  an 
increased  action  of  the  transmitted  light  on  the  sensitive  coUodioii 
film  of  the  negative,  and  hence  by  a  thinner  deposit  of  ink  over 
corresponding  parts  of  the  positive  plates  from  which  the  artotypes 
are  printed." 

With  regard  to  the  process  employed.  Dr.  Mason  says  that  after 
experimenting  with  various  methods  he  found  that  satis&ctory  prints 
could  be  made  in  ink  directly  upon  plate  paper,  and  that  these  ini-» 
pressions  were  as  perfect  in  fine  detail  as  any  of  those  obtained  by 
the  silver  process  of  printing.  The  plates  fall  printed  by  the  arto- 
type process)  are  as  durable  as  steel  engravmgs.  **  While  a  photo- 
graph cannot  often  show  all  that  can  be  discovered  by  more  direct 
microscopic  observation  with  a  judicious  working  of  the  fine  adjustmenti 
high  authority  has  stated,  and  perhaps  correctly,  that  a  good  photo- 
graph with  a  low  power — say  from  3  to  1/2  in. — ^is  a  better  means  of 
illustrating  the  anatomical  structure  of  the  nervous  tissues  than  hand 
drawing.  Some  of  the  plates  with  high  powers  leave  much  to  be 
desired  both  in  distinctness  and  tone,  and  in  general  it  may  be 
affirmed  that  the  same  defect  as  regards  distinc^ess  always  exists, 
and  for  obvious  reasons,  in  photographs  of  sections  with  powers  mnch 
above  1/2  in.  In  fact  it  now  appears  to  be  established  that  immer- 
sion objectives  can  never  be  employed  for  photographing  section- 
preparations  with  the  success  that  has  attended  their  use  for  blood 
corpuscles,  diatoms,  and  similar  specimens." 

Preparing  Spermatozoa  of  the  Hewt* — G.  F.  Dowdeswell  writes 
that  to  prepare  die  spermatozoa  of  the  newt  for  the  examination  of 
the  minute  barb  discovered  by  him,  the  first  essential  is  to  get  them 
as  nearly  as  possible  in  contact  widi  the  cover-glass  and  flat  upon  it ; 
this  requires  some  care  to  avoid  their  drying,  by  which  they  are 

*  Quart.  Jonm.  Mier.  8oi.,  xxiiL  (1883)  pp.  336-9  (1  fig.). 
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suiieirimlly  altered.  They  may  be  preserred  by  seyeral  methodfl, 
either  by  treating  for  twelve  to  twenty-four  hours  with  a  concentrated 
■olution  of  picric  acid,  a  dilute  solution  of  chromic  acid,  by  Br. 
Klein's  method  with  a  5  per  cent,  solution  of  ammonium  chromate, 
by  iodine,  by  silver  nitrate,  or  by  osmio  acid  or  gold  chloride  ;  the 
latter  are  conyenient  as  being  quicker.  He  has  most  usually  em- 
ployed picric  acid.  For  staining  glycerine,  magenta*  is  the  best 
method,  as  it  stains  all  parts  as  strongly  as  desired.  To  show  the 
general  struoture  alcoholic  carminate  of  ammonia  is  the  most  satis- 
factory, but  it  does  not  stain  the  barb  deeply.  Other  anilin  dyes  have 
not  be^  found  to  answer  so  welL 

The  use  of  glycerine  as  a  mounting  fluid  for  preparations  stained 
with  any  of  the  anilin  dyes  is  at  best  trouble8ome,t  and  sooner  or 
later,  in  the  author's  experience,  the  staining  runs  and  the  preparation 
IB  spoiled.  Solutions  of  acetate  of  potash  or  chloride  of  calcium  have 
not  been  found  satisflActory,  the  forms,  oven  of  such  resistant  objects 
as  bacteria,  in  some  cases  becoming  materially  altered  by  these  re- 
agents. With  Canada  balsam,  even  when  dissolved  in  chloroform  or 
torpentine,  the  preparations  have  not  been  found  to  fade,  as  has  some- 
times been  said  to  be  the  case,  and  as  we  should  have  expected ;  nor, 
if  they  are  sufficiently  washed  in  alcohol  and  passed  through  oil  of 
doves,  will  they  run.  The  risk,  however,  of  both  fading  and  running 
may  be  entirely  obviated  by  using  benzine  as  a  solvent  fbr  the  balsam, 
oar  by  employing  it  undiluted  and  liquefied  by  warmth. 

Killing  Hydroid  Zoophytes  and  Polyzoa  with  the  Tentacles 
extended- 1 — H.  0.  Chadwick  recommends  the  polyzoon  to  be  placed 
in  a  small  beaker  or  plear  glass  bottle,  and  allowed  to  remain  at  rest 
for  several  hours.  Now  take  a  dipping-tube  drawn  out  to  a  very  fine 
point  and  charge  it  with  absolute  alcohoL  Having  ascertained  by 
means  of  a  pocket-lens  that  the  polypides  are  fully  extended,  allow 
the  alcohol  to  drop  very  gently  from  the  point  of  the  tube,  which 
■honld  be  held  just  above  the  surface  of  the  water.  The  success  of 
the  experiment  depends  largely  upon  the  care  with  which  the  first 
qnantity  of  alcohol  is  introduced  into  the  water.  After  the  lapse  of 
an  hour,  if  the  polypides  are  still  extended,  a  further  quantity  of 
alcohol  is  added  until  the  quantity  reaches  60  per  cent. 

After  passing  through  75  per  cent,  alcohol,  the  specimens  may  be 
kept  in  90  per  cent  of  the  same  until  required  for  mounting.  Ex- 
periments with  alcohol  upon  hydroid  zoophytes  were  not  so  success- 
nil,  but  Eleinenberg's  picrosulphuric  acid  solution  §  gave  excellent 
molts.  The  use  of  this  reagent  is  attended  with  much  less  difficulty 
than  that  of  alcohol.    If  the  subject  of  the  experiment  is  a  zoophyte, 

^  Magenta  cry  at  1  part ;  glycerine  200  parts ;  alcohol  150  parts ;  aq. 
150  parts ;  immerse  the  preparation  in  the  solution  for  from  two  to  four  minntes, 
aocncding  to  the  depth  of  colouring  required,  and  then  wash. 

t  The  method  is,  add  an  equal  bulk  of  glycerine  to  the  aqueous  solution  of  the 
anilin  dye  used,  stain  somewhat  more  deeply  than  requisite,  mount  on  slide  with 
oover-glass  in  the  staining  fluid,  which  is  to  be  gradually  replaced  as  the  water 

Tirates  by  plain  glycerine. 
Hicr.  News,  iu.  (1883)  pp.  33^-4. 
CI  this  Journal,  ii.  (1882)  p.  867. 
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such  ad  Aglaophenia  pluma  or  Plumularia  §eiaeea^  it  most  be  allowed 
to  romain  Bomo  hoars  until  the  poljpides  are  fully  extended.  Klein- 
cnborg*B  fluid  muBt  then  be  introduced  by  means  of  a  dipping-tube. 
It  may  bo  allowed  to  flow  oyer  the  specimen  in  a  continuous  streun, 
until  the  whole  of  the  vrater  assumes  a  golden  yellow  colour.  The 
reagent  causes  instant  death,  so  that  the  specimens  may  be  transferred 
immediately  to  GO  per  cent.,  and  affcerwu^s  to  75  per  cent  alcohol, 
allowing  them  to  remain  in  each  solution  for  some  hours.  Ee^ 
in  90  per  cent,  alcohol.  From  four  to  six  minutes'  immersion 
in  Martindale*s  picrocarmine  staining  fluid  is  sufficient  to  stain 
specimens  killed  by  either  of  the  aboye  methods. 

Mounting  Pollen  as  an  Opaque  Object* — ^W.  Blackburn  giyes 
directions  for  mounting  pollen  dry  upon  the  anther  from  which  it  has 
escaped.  For  collecting  and  drying  the  anthers,  the  flowers  shonld 
be  gathered  when  full-blown,  just  before  they  begin  to  fade,  and  the 
stamens  then  cut  with  fine  scissors  a  short  distance  from  the  anthers, 
tlio  latter  being  allowed  to  fall  upon  clean  writing  paper,  when  a  selec- 
tion may  be  made  with  a  pocket-lens  of  the  specimens  most  suitable  for 
preservation.  Folding  the  paper  without  pressure,  place  the  packet 
in  a  box,  where  the  author  lets  it  remain  in  obliyion  for  twelve  months 
or  perhaps  two  years.  In  the  case  of  large  anthers,  such  as  the  Lilium 
auratum,  it  may  bo  advisable  to  lay  them  on  a  piece  of  blotting-paper, 
inside  the  writing-paper,  in  order  the  better  to  absorb  moisture,  care 
being  taken  when  mounting,  to  remoye  any  adhering  fibres  of  the 
blotting  material  with  a  needle. 

Thin  metal  and  bone  cells  may  be  used  for  mounting.  The  metal 
ones  may  be  either  of  brass  or  block  tin.  For  small  anthers,  such  as 
those  of  Ronunculua  aquatilis,  the  ordinary  1/2  in.  brass  cells  are  suit- 
able. For  larger  anthers,  or  groups  of  stamens  and  anthers,  such  as 
may  be  made  from  the  Ahutilon,  5/8  in.  and  8/4  in.  bone  cells  are 
the  best.  Bone  is  much  preferable  to  metal  for  its  adhesiye  capacity 
when  affixed  to  glass,  and  the  bone  cells  usually  sold  haye  their 
surfaces  "  truer "  than  those  of  metal.  For  cement  use  "  quick- 
setting  "  gold  size. 

When  about  to  mount  the  anthers,  paint  the  bottom  of  the  cell 
with  **  matt-black,'*  using  the  turntable,  so  as  to  distribute  it  eyenly 
oyer  the  glass.  When  the  **  black  "  is  partially  dry,  place  the  anthers 
upon  it  in  suitable  positions,  and  gently  press  them  with  a  blunt 
needle  so  as  to  secure  their  adhesion  to  the  cement  The  best  effect 
will  be  produced  when  the  anthers  are  arranged  in  the  centre  of  the 
cell  with  the  stamens  directed  on  one  side,  as  in  their  natural  position. 
This,  howeyer,  may  bo  left  to  the  taste  of  the  mounter ;  and  in  many 
cases  no  arrangement  of  this  kind  will  be  requirerl,  as  one  or  other 
will  be  found  largo  enough  to  fill  the  cell.  When  there  is  found  to 
be  a  deficiency  of  pollen  on  any  of  the  anthers  after  mounting,  some 
pollen  may  be  taken  on  the  point  of  a  needle  from  other  anthers  and 
placed  in  position  on  the  bare  parts,  when  gently  breathing  upon  it 
will  fix  it. 

*  Micr.  News,  iii.  (1883)  pp.  297-9. 
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Xonntin^  Fluid  for  Algte.* — For  preserring  the  G«ill-coiitent8  «ad 
the  nattml  colour  and  form  of  desmids,  toItox,  and  other  algn, 
Q.  W.  Blorehonse  finds  a  monnting  fluid  made  as  follons  to  act  vol : 
DinolTe  16  graioB  of  acetate  of  copper  in  a  mixtnre  of  i  fluid  otmoes 
of  cunphor  water,  4  fluid  ouncea  of  distilled  water,  and  20  minims  of 
glacial  aoetio  acid  ;  add  8  fluid  ounces  of  Price's  glycerine,  and  filter. 
When  sections  of  plant-stems,  or  other  vegetable  epeoimens,  are 
mounted  in  this  flnid,  the  protoplasm  is  preserved.  If,  in  any  cose, 
it  is  thought  desirable  to  increase  or  diminish  the  specific  gravity  of 
the  preservatiTe,  the  proportion  of  glycerine  may  be  changed.  Used 
as  above,  or  modified  as  indicated,  he  thinlcs  it  also  a  trostworthj 
medium  for  monnting  infnsoria  and  the  softer  animal  tissnee. 

Konntiiiff  Diatomi  in  8enei.t — P.  Francotte  has  applied  Oies- 
brec^t's  meuod  {  of  monnting  sections  in  series  to  the  monnting  of 
diafanoB.  The  slide  is  coated  with  the  solution  of  shellac  in  alcohol 
washed  over  with  oil  of  olives  or  oreosoto,  and  the  diatoms,  previously 
placed  in  absolute  alcohol,  arranged  in  order.  The  slide  is  then 
warmed,  and  the  oil  of  cloves  or  creosote  evaporated. 

Scballibaum's  process  g  for  sections  would  also  be  available  for  the 
nme  purpose. 

Beeistflring  Hiorometei-Mrew  to   the  Tboma  Hiorotome-H — 
Dr.  C.  U.  Whitman  gives  the  following  more  detailed  description  of 
this  screw,  which  we  described  at  pp.  914-5  of  vol.  iii.  (1883)  from 
the  original  article  of  Andres,  Oieebrecht, 
and  Mayer,  the  desi^ers  of  the  arrange-  Fio.  27. 

inent  for  regnlatiog  its  movement.  This 
arrangement  consists  of  a  spring  which, 
after  a  given  number  of  divisions  of  the 
dnm,  registers  to  the  ear  and  finger  of  the 
manipulator  the  number  of  micromilli- 
metres  which  the  object  hns  been  raised, 
^e  intervals  between  the  registering 
cUoks  can  be  varied  by  means  of  a  vemicr- 
like  adjustment  of  the  two  halves  of  the 
dram,  so  as  to  equal  an  entire  revolution 
of  the  drum,  or  only  1/15,  1/3,  or  1/2  of 
a  revtdution. 

An  examination  of  fig.  27,  which  illus- 
trates the  new  form  of  the  drum,  will  show 
how  the  intervale  are  regulated.  The  drum  is  composed  of  two 
sjmmetrioal  halves,  A  B  and  A'  B',  so  closely  opposed  that  tho 
dividing  lino  (dotted  in  the  figure)  is  scarcely  visible.  The  periphery 
of  each  half  is  composed  of  two  zones  of  nncqutil  radii.  The  lai^ 
zones,  B  and  B',  are  in  apposition,  and  together  form  tho  graduated 

*  AmM'.  HoTi.  Mici.  Joaro.,  It.  (18S3)  pp.  231-5. 

t  Bull.  Soa.  Belg.  Micr..  i.  (I8S3)  p[<.  ii^. 

i  See  this  Joumal,  ii.  (1882)  p.  688, 

§  See  tliii  Jouiiml,  iii.  (1883)  p.  T36. 

U  Amer.  Nntural,  ivii.  (1883)  pp.  1313-4  (1  fig.). 
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portion  of  the  dmm.  Each  of  the  sniAller  zones  is  marked  with  the 
figures  1,  2,  3,  and  15.  When  the  drum  is  in  order  for  work,  it  rotates 
with  the  screw,  which  is  marked  ^  ^  in  fig.  58,  yoL  iii.  (1883)  p.  302. 

The  left  half  of  the  dram  A  B  is  held  in  position  by  the  screw  S, 
and  may  be  rotated  independently  of  the  right  half  A'  B',  or  [of  the 
screw  g  g,  by  the  aid  of  a  handle  which  fits  the  holes  xxx. 

When  the  half  A  B  is  adjusted  to  the  half  A'  B',  in  the  manner 
represented  in  the  figure,  the  fifteen  equal  parts  into  which  the  zone 
B  is  divided  exactly  correspond  to  the  same  number  of  parts  in  the  zone 
B',  so  that  the  grooves  which  mark  these  parts  in  one  zone,  become 
continuous  with  those  of  the  other  zone.  Thus  adjusted,  the  spring, 
which  rides  on  the  zones  B  B',  with  a  sharp  edge  parallel  to  the  gprooves, 
will  give  fifteen  sharp  clicks  in  the  course  of  one  rotation  of  the 
drum,  the  click  being  heard  every  time  the  sharp  edge  falls  into 
coincident  grooves.  In  order  to  adjust  for  fifteen  dicks,  it  is  only 
necessary  to  rotate  A  B  until  groove  15  becomes  continuous  wiu 
groove  15  of  the  opposite  half  (A'  B').  For  one  click  in  one  rotation, 
the  grooves  1,  1  must  be  made  to  coincide ;  for  two  clicks  the  grooves 
2,  2,  and  for  three  clicks  the  grooves  3, 8.  The  intervals  between 
successive  clicks  may  thus  be  made  to  correspond  to  1/1, 1/2,  1/3  or 
1/15  of  a  complete  rotation  of  the  drum,  and  the  thickness  of  sections 
corresponding  to  these  intervals  should  be  respectively  *015,  *0015, 
•005,  -001  mm. 

AoHEsoN,  6.— Biologioal  Study  of  the  Tap  Water  in  the  School  of  Ptectioal 
Science,  Toronto. 
[Methods  of  examination— Diatomaoose — DesmidiaceflB — Phyoochromaoe» 
— Schizophy  t» — Protozoa — Vermea — Arthropoda.  ] 

Froc,  Canad,  Instdute,  I.  (1883)  pp.  413-26  H  pL  to  follow). 
Adt,  J.  E. — Microscopical  Technology.     On  the  exhibition  \ski)  of  Canada 
Balaam. 
[Directions  for  mounting  sections  of  tissues  in  Canada  balsam.] 

8ci,'Qo88ipy  1884,  pp.  5-8. 
Adt's  (J.  E.)  New  Morphological  Institution  [for  the  production  of  micrographioai 
preparations,  and  especially  of  rock  and  mineral  sections]. 

Sci.'Oossip,  1883,  pp.  276-7 ;  1884,  p.  18. 

See  also  Nature,  XXIX.  (1884)  p.  288. 

Am,  H.  M. — Use  of  the  Microscope  in  determining  Fossils,  with  especial  rererence 

to  the  Monticuliporidffi.  Scimcey  III.  (1884)  pp.  25-6. 

Atlwabd's  (H.  P.)  Pond-life  Apparatus.    [Vol.  ID.  (1883)  p.  911.] 

Sci.'Gossip,  1883,  p  276. 
Babre,  p. — Sur  un  proc^e'  de  preparation  synoptique  d'objets  puly^mlents. 
Diatom^s  des  guanos,  terres  fossiles,  &c.     (On  a  process  of  synoptio  prepa- 
ration of  pulverulent  objects.    Diatoms  from  guano,  fossil  earths,  &c.) 

[Post.l  Bull,  Soc,  Belg.  Micr,,  X  (1883)  pp.  16-8  (1  pi.). 

Belfield,  W.  T. — The  Microscope  in  the  detection  of  Lard  Adulteration. 

Froc,  Amer,  Soc,  Micr,,  6th  Ann.  Meeting,  pp.  97-103  (1  pi.), 
Benkett,  C.  H. — Mounting  Entomological  Slides. 

[Treat  the  object  for  a  week  or  a  month,  as  the  case  may  require,  with  liq. 
potasBSB  until  thoroughly  bleached  ;  then,  without  removing  the  contents 
of  the  cavities,  or  in  any  way  subjecting  to  the  Blightest  pressure,  mount 
in  glycerine  in  a  cell  of  ample  depth  so  as  to  allow  the  object  to  retain 
its  natural  form  and  position.] 

The  Microscope,  III.  (1883)  p.  220. 
Braman,  B. — Microscopic  Evidence  of  the  Antiquity  of  Articles  of  Stone. 

Amer.  Mon.  Micr.  Joum.j  V.  (1884)  pp.  14-5. 
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Bboou*  (H.)  Sets  of  aeotions  of  Woodi  for  instniction  in  schools. 

[*«The  sections  are  about  2  x  4  in.,  and  are  neatly  mounted  between 
plates  of  mica.  Three  sections  (one  cross  and  two  lougitudinal)  are  given 
for  each  kind  of  wood,  and  these  are  thin  enough  to  make  their  ^udy 
with  the  naked  eye  or  with  a  low  power  rery  easy  and  inatructive."] 

Amer.  .ftfirfuro/.,  XVU.  (1883)  p.  1285. 
BvsBiLL,  T.  J. — Preparing  and  mounting  Bacteria. 

Froc,  Amer.  Soc.  Micr,^  6th  Ann.  Meeting,  pp.  79-85. 
^  ,,        To  stain  Bacilltu  tuberculosis. 

[**  Many  ways  have  been  tried  to  leave  the  alcohol  out  and  yet  obtain  a  stain 
as  good  as  that  of  the  published  formulas.  The  following  seems  to  bo 
the  thing  sought: — Glycerine,  20  parts;  fuchsin,  3  parts;  anilin  oil, 
2  parts ;  carbolic  acid,  2  parts.** — ^Also  directions  for  use.] 

The  Microscope,  TV.  (1884)  pp.  6-8. 
GABrxNTKB,  W.  B. — Bemarks  on  Microscopical  Observation. 

SyUaXms  of  Carlisle  Microscopical  Society,  1884. 
Micr,  News,  IV.  (1884)  pp.  23-4. 
Chadwigk,  H.  G. — On  some  experiments  made  with  a  view  of  killing  Hydroid 
Zoophytes  and  Polyzoa  with  the  tentacles  extended.    ^Supra,  p.  151.] 

Micr.  News,  IIL  (1883)  pp.  333-4. 
CBBfTKB,  A.  H.— A  new  method  of  Dry  Mounting. 
[VoL  m.  (1883)  p.  737.] 

Proc,  Amer,  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  143-5  (1  fig.). 
Cbbthkt,  J. — The  Microscopic  Study  of  Fibres. 

[The  Microscope  in  the  dye-room — The  marks  of  perfect  dyeing — ^Marks 
of  imperfect  dyeing — The  location  of  defects.] 

Micr.  News,  IV.  (1884)  pp.  7-9,  from  Textile  Record  of  America. 
KyoLB,  A.  G. — Popular  Microscopical  Studies. 

No.  ni.    Tne  Scalp.    Vertical  Section  of  Human  Scalp.    Double-stained. 

Plate  3  X  25.    pp.  11-14. 
No.  IV.    The  Ovary  of  a  Poppy.    Transverse  section  of  Ovary  of  Papaver 

rhceas  (unfertilized).    Plate  4  x  50.    pp.  15-20. 
No.  V.   A  Grain  of  Wheat    pp.  21-4.    Plate  5.  Long.  sec.  of  Embryo  at  base 
of  wheat-grain.    Stained  carmine,     x  50. 
^         „        The  Methods  of  Microscopical  Research.    Part  V.  The  Preparation 
of  Animal  Tissues  (continued),    pp.  xxv.-xxxiL  (2  figs.). 
[Silver  nitrate — Ghloride  of  gold — Injection  of  Blood-vessels  (Injecting 
Apparatus,  Fcamley's  Gonstaut  Pressure  Apparatus).] 
Part  vL     pp.  xxxiii.-xl.     How  to  preserve  Botanical  specimens.    On 
Animal  and  Vegetable  Section-cutting.  Rutherford's,  Williams',  Feamley's 
and  Gathcart's  Microtomes.    Gum  and  syrup  preserving  fiuid.    To  out 
tissues  soaked  in  gum  and  syrup  medium.    Chitting  by  imbedding. 
„       M        Studies  in  Microscopical  Science. 

YoL  IL    No.  7.    Section  1.    No.  4.    Epithelium,    pp.  13-16.    Plate  4, 

X  400. 
No.  8.   Section  2.  No.  4.   Ghap.  II.    The  Gell  as  an  Individual,   pp.  13-16. 

Plate  8  (Micrasterias  denticulata  x  200). 
No.  9.    Seo.  1.    No.  5.     Gartilage.    pp.  17-19.    Plate  5.    T.  S.  Hyaline 

Cartilage.    Human  Trachea  x  250. 
No.  10.    Section  2.    No.  5.    Chap.  III.     The  Morphology  of  Tissues. 
pp.  17-20.    (Plate  to  foUow.) 
DowDKWKLL,  G.  F. — Note  on  a  minute  point  in  the  structure  of  the  Spermatozoon 
of  the  Newt 
[Oontains  directions  for  preparing  the  spermatozoa,  supra,  p.  150.] 

Quoart.  Joum.  Micr.  Sci.,  XXIII.  (1883)  pp.  336-9  (1  fig.). 
Fbakooite,  p. — ^Description  des  diff)^rentes  methodes  employees  pour  ranger  les 
ttrapes  Pet  les  Diatom^]  en  s^rie  sur  le  porte-objet.    (Description  of  the  differ- 
ent methods  adopted  for  mounting  sections  [and  diatoms]  in  series  on  the  slide.) 
[Detoription   of    Mayer's,    Giesbrecht's,    Schallibaum's,    and   Threlfall's 
methods ;  also  the  application  of  the  second  and  third  to  diatoms,  suproj 
p.  158.] 

Bull.  Soc.  Belj.  Micr.,  X.  (1883)  pp.  43-8,  63-6. 
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Franootte,  p. — Miorotomes  et'm^thodes  d'inolusion,  I.    (Microtomes  and  methods 
of  imbedding.) 
[Describes  Thoma*s  Microtome  and  various  methods  already  published.] 

Bull.  Soc,  Belg,  Micr,,  X.  (1884)  pp.  55-63  (1  fig.  and  1  pi.). 
Freeman,  H.  E.^Cutting  Glass-circles. 

[Perforated  wooden  slips  and  writing  diamond  with  ttimed  point,  the  thin  glass 
to  rest  on  plate-glass ;  very  little  pressure  on  diamond;  it  is  better  to  leave 
the  circles  a  day  or  two  before  breaking  them  out  of  the  glass.] 

Joum.  of  Microscopy,  III.  (1884)  p.  47. 

6.,  W.  B. — Oement  for  objects  mounted  in  spirits  of  wine. 

[Same  as  antCj  Vol.  III.  (1883)  p.  613.    The  cement  a  **  secret.^ 

Midi.  Natural.,  VI.  (1883)  p.  282. 

Oaoe,  S.  H. — Cataloguing,  labeling,  and  storing  Microscopical  preparations. 
[Vol.  III.  (1883)  p.  924.] 

Proc.  Amer.  Soc.  Micr.,  6th  Ann.  Meeting,  1883,  pp.  169-74  (2  figs.). 

Discussion,  pp.  236-8. 
,,  M    ^^^  Smith,  T. — Serial  Microscopic  Sections.    [Post.'] 

Medical  Student  (N.Y.)  I.  (1883)  pp.  14-6. 

GiLUATT,  H. — Some  remarks  on  the  action  of  Tannin  on  Infusoria. 
[Vol.  III.  (1883)  p.  861.] 

Proc.  Linn.  Soc.  N.  S.  Wales,  VIII.  (1883)  pp.  383-6. 

Gramt,  F. — Microscopic  Mounting. 
rV.    Section  Cutting,  Staining,  Ac. 
[1.    Sections.    2.    Section  (Cutting.    3.    Staining.    4.    Various  practical 
details.] 

Engl.  Mech.,  XXXVHI.  (1883)  pp.  285-6. 

V.  The  Use  of  Reagents. 

[1.  The  use  of  Reagents  in  general.  2.  Glycerine  and  Syrup.  3.  Acids 
and  Alkalis.] 

Engl.  Mech.,  XXXVHI.  (1883)  pp.  365-7. 

VI.  Chloroform. — Vegetable  Objects. 

[1.  Chloroform  or  Benzol,  for  thinning  Canada  balsam.  2.  Non-taotifying 
organs  of  higher  plants.  3.  Ways  in  which  vegetable  sections  should 
be  cut    4.  Bleaching.    5.  Staining.] 

Engl.  Mech.,  XXXVHI.  (1884)  pp.  386-8. 

VII.  Staining. 

[1.  Staining  in  general. — Transient  stains.  2.  Metallic  impregnations. — 
Diffuse,  bioplasmic,  and  special  tissue  stains.  3.  Htematoxylin  and 
Carmine.  4.  Indigo  Carmine,  Aniline,  and  Phthalein  stains.  5.  Double 
staining.] 

Engl.  Mech.,  XXXVHI.  (1884)  pp.  449-50. 

Griitith,  £.  H. — Practical  Helps. 

[Ringing  slides — Photograph  slides — Mounts  without  covers — Arranging 
Diatoms,  post."] 

The  Microscope,  III.  (1883)  pp.  204-6. 

H.,  H. — ^Microscopic  Mounting. 

Engl.  Mech.,  XXXVIH.  (1883)  p.  266. 
Haacke,  W. — Ueber  das  Montiren  von  Alcoholpraparaten.  (On  the  mountiDg  of 
alcohol  preparations.) 
[For  microscopic  objects  for.Mnseums.]    Zool,  Ameig.  VI.  (1883)  pp.  694-5. 

Hamun,  F.  M. — The  microscopical  examination  of  seminal  stains  on  cloth. 

[Describes  a  new  process,  as  **  Koblanck's  method,  with  its  soakings  and 
manipulations,  tends  to  destroy  so  many  of  the  spermatozoa  as  to  lessen 
greatly  the  certainty  of  finding  thera.'^ 
Proc.  Amer,  Soc,  Micr,,  6th  Ann.  Meeting,  pp.  21-5.    Discussion,  pp.  220-5. 
„  „         The   preparation    and    mounting   of  Foraminifera,  with  de- 

scription of  a  new  slide  for  opaque  objects.    ^Post.J 

Proc.  Amer.  Sx:,  Micr.,  6th  Ann.  Meeting,  pp.  65-8. 


ZOOLOGY  Ain>  BOTANY,  MIOBOSCOPY,   ETO.  157 

HiTOHGOGKf  B. — ^Proseryation  of  Muaeam  Bpeoimens. 

[Description  of  the  Naples  Zoological  Station  Bpeoimens  at  the  Fisheries 
Exhibition.  The  living  creatures  are  plunged  into  a  solution  of  iodine 
or  a  strung  solution  of  oonosive  sublimate  and  transferred  to  dilute  spirit, 
in  which  Siey  are  permanently  preserved.] 

AiMT.  Men.  Micr,  Jowm,^  IV.  (1883)  pp.  217-8. 

„  „      Exorbitant  prices  of  mounted  specimens  of  microscopic  objects 

in  America.  Amer.  Mon.  Micr.  Joum.,  IV.  (1883)  p.  218. 

„  91    Glycerine  in  Monnting. 

Am€r.  Mon,  Micr,  Joum.,  V.  (1884)  pp.  15-6. 

„  „      See  Vorce,  C.  M. 

Jacobs,  F.  O.— How  to  make  a  section  of  Tooth  with  pulp. 

The  Microscope,  IV.  (1884)  pp.  8-9. 

Kkluoott,  D.  8. — Notes  on  Protozoa.    No.  2. 

[Agrees  with  the  opinion  of  H.  GUliatt,  III.  (1883)  p.  861,  that  the  needle- 
lUce  bodies  seen  when  Paramecium  is  treated  with  tannin  and  glycerine  are 
not  cilia  but  trichocysts.] 

Bull.  Buffalo  Naturalists'  Field  Club,  I.  (1883)  pp.  109-17. 

KixosLBT,  J.  8. — Rapid  Microscopic  Mounting. 

[Describes  Gieebrecht's  and  Oaldwell's  methods  of  series  preparations.] 

Science  Record,  II.  (1883)  pp.  1-2. 

^  „      Glycerine  Mounting. 

[^One  great  difficulty  in  its  use  is  in  fastening  the  cover-glass  firmly. 
Various  modes  of  procedure  have  been  described,  possibly  the  best  the 
writer  has  seen  in  print  being  that  which  employs  paraffin.  A  still 
better  method  is  to  use  a  very  small  amount  of  glycerine,  so  little  in  fact 
that  when  the  cover  is  applied  -the  margin  of  the  glycerine  does  not  reach 
the  edge  of  the  glass.  Then  with  a  fine  brush,  oalsam  or  dammar  dis- 
solved in  benzol  is  allowed  to  run  in  under  the  edge  of  the  cover- 
glass,  and  after  becoming  hard  the  superfluous  balsam  is  cleaned  off 
and  Uie  slide  finished  in  any  desired  manner."] 

Science  Record,  II.  (1883)  p.  17. 

KoviKB,  F. — ^Die  zweckmassigste  Wasser-regeneration  der  Aquarien  mit  micro- 
■ooidschen  Sachen.    (The  most  effective  mode  of  regenerating  the  water  of 
-    Aquaria  having  microscopical  objects.)    [Post."] 

Zool.  Ameig.,  VL  (1883)  pp.  638-9. 

Low-SKBQBiJrr,  W.  ILow-Sarjeant  p.  cxxxi — Low-Sargeaut  wrapper]. — New  process 
for  Preserving  Plants.    {PostJ] 

Proc.  and  Trans.  Croydon  Micr.  and  Nat.  Hist.  Club,  1882-1883,  pp.  cii.-iii. 

Maogi,  It, — ^Teohniea    Protistologica.     Cloruro  di  Palladio.     (Protistological 
Tedmics.    Chloride  of  Palladium.)  Boltett.  Scientif.,  V.  (1883)  pp.  48-51. 

Matbk,    p. — Einfache    Methode   zum   Aufklcben    mikroskopischer    Schnitte. 
(Simple  method  of  fixing  microscopical  sections.)    [Post.! 

MT.  Zool.  Stat,  Neapel,  IV.  (1883)  pp.  521-2. 

MfCiFF-A,  A. — ^President's  Address  to  the  6th  Annual  Meeting  of  the  American 
Sodety  of  Mioroscopists.    The  Verification  of  Microscopic  Observation. 
[Vol.  m.  (1883)  p.  766.] 

Proc,  Amer.  Soc.  Micr.,  6th  Ann.  Meeting,  pp.  1-19. 

MoiEBDUSS,  G.  W. — A  new  Mounting  Fluid.    [Poit.^ 

Amer,  Mon.  Micr.  Joum.,  IV.  (1883)  pp.  234-5. 

MvLLBB,  G.  J. — The  discrimination  of  Species  of  Wood  by  a  microscopical  exami- 
nfttioQ  of  sections  of  branches. 

Trans,  Eastbourne  Nat.  Hist.  Soc,  I.  (1883)  pp.  4-12. 

pABonrn,  E. — ^Bicerche  relative  alia  preparazione  e  conservazione  di  Bacteri 
6  dlnftuori.    (Besearohes  on  the  preparation  and  preservation  of  Bacteria  and 

Bollett,  Scientif,,  V.  (1883)  pp.  95-6. 
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PmooLAsI  (C.  L.)  New  Slides  of  DiatomB. 

[**  Slide  No.  1,  Stauroneia  acuta. — Microeoopists  are  familiar  with  the  beautiful 
effects  of  dark -field  illumiDation  upon  certain  diatoms.  Some  peculiarities 
of  structure  are  shown  by  this  method  more  clearly  than  by  transmitted 
light.  A  reoent  gathering  of  St.  acuta  (Pleurostaurum  aeutum  Grunow) 
has  given  me  a  sensation,  although  I  have  practised  this  method  of 
illumination  for  years.  With  a  1/2  inch  objective  and  a  strong  artificial 
light  on  dark  field,  this  diatom  seems  literally  to  blaze,  and  surpasses  in 
splendour  the  finest  polariscope  objects  in  my  cabinet.  With  the  light 
thrown  across  the  short  diameter,  there  is  a  strong  resemblance  to  a  section 
of  ostrich  tendon,  only  some  peculiarity  of  striation  seems  to  impart 
motion  to  the  light,  and  the  diatom  seems  on  fire ;  across  the  long  diameter 
the  colour  is  changed  to  a  brilliant  sapphire.] 

Amer.  Man.  Micr.  Joum,,  IV.  (1883)  p.  234. 
PiLLBBXTBY,  J.  H. — A  DCw  MioTOSoope  Slide  Cabinet    [Post.'} 

Science  Record,  II.  (1883)  pp.  25-6  (2  figs.). 
QuEEH,  J.  W.  &  Go.— Improved  Slide  Box. 

[Covered  with  cloth  Instead  of  paper ;  inside  of  lid  with  numbered  lines  for 
indexing.] 

Micr.  Builetin,  I.  (1883)  p.  7  (1  fig.), 
B.,  D. — Classification  and  Labelling  of  Microscopical  Objects. 

[Suggestion  that  locality  shoiUd  be  added  to  L  C.  Thompson's  labels,  Vol.  III. 
(1883)  p.  926.] 

Sci.'Gossip,  1883,  p.  276. 

Balfh,  T.  S.— Thymol  as  a  Polarisoopio  Object 

[A  most  splendid  polarisoopio  object.  If  a  very  small  piece,  about  the  size 
of  a  mustanl-seed  (or  perhaps  two)  is  placea  at  the  edge  of  a  cover -glass 
on  a  slide  (not  under),  and  then  made  to  melt,  it  will  run  under  it  in  a 
very  fine  film  and  crystidlize  on  cooling.  But  before  this  take  place,  it 
should  be  placed  on  the  stage,  with  the  polarizing  apparatus  ready,  so  as 
to  watch  the  process  of  crystallization.  The  effects  far  exceed  that  of 
most  polariscopic  objects.  The  same  specimen  carefully  remelted  can  be 
used  over  and  over  again.] 

Joum.  of  Microscopy,  III.  (1884)  pp.  31-2. 

Batabottl,  J. — Les  Diatom^.  B^lte  et  preparation.  I.  R^oolte  des  Diatom^es. 
(The  DiatomaccflB.  Collection  and  preparation.  I.  Collection  of  the  Dia- 
tomaoesB.)    (In  part)  Joum.  de  Microgr.,  VII.  (1883)  pp.  644-6  (1  pi.). 

BnNOLD,  A.  W.,  and  A.  W.  BCgksb. — Liquid  Films  and  Molecular  Magnitudes. 
[Post.}  Proc.  Roy,  Soc.,  XXXV.  (1883)  pp.  149-51. 

Bbnson,  C— Kouveau  proc^d  de  recherche  des  Triohincs  dans  les  Yiandes. 
(New  method  of  research  for  Trichincs  in  meat.)    [Post.} 

Bull.  Soc.  Belg.  Micr.,  X.  (1883)  pp.  24-25. 

BoTRROOK,  J.  T. — Some  microscopic  distinctions  between  good  and  baa  Timber  of 

the  same  species.     .  Amer.  Phil.  Soc.,  Feb.  1883. 

BoTHWELL*8  (W.  G.)  Educational  Slides.  Micr,  News,  III.  (1883)  p.  340. 

BoYSTON-PiGOTT,  G.  W.— Note  on  the  structure  of  the  Scales  of  Butterfiies. 

IVans.  Eastbourne  Nat.  Hist.  Soc,,  I.  (1883)  pp.  41-5. 

BROKER,  A.  W.— See  A.  W.  Bemold. 

SoHAEFFEB,  E.  M. — The  Microscopical  Study  of  the  Crystallization  of  Allotropio 
Sulphur. 
[Contains  directions  for  preparing.] 

Amer.  Men.  Micr.  Joum.,  V.  (1884)  pp.  1-3. 
SoBNKTZLEB. — Notlz  uber  Tanninreaction  bei  Siisswasseralgen.    (Note  on  the 
reaction  of  tannin  in  the  fresh-water  Alg».)    [Post.} 

Bot.  CentralbL,  XVI.  (1883)  pp.  157-8. 
Scott,  W.  B. — Imbedding  in  Egg-mass. 

[Buge*s  improvement  of  Calberla's  method.  Of.  Vol.  III.  (1883),  pp. 
303-4.J 

Science  Record,  III.  (1883)  pp.  41-2. 
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Black,  H.  J. — ^Pleasant  Hours  with  the  Mioroeoope. 
[MuBOular  System  of  Insects.] 

Knotcledge,  IV.  (1883)  pp.  81fr-7  (2  figs.),  383-4. 
„        „        fTrichinaB.]  ,.  V.  (1884).  pp.  20-1  (2  figs.). 

„        „        [Examination  of  atmospheric  dost.] 

„         pp.  51-2  (3  figs.). 
Stanley's  Stained  Sections  for  nse  of  students. 

[In  tnbes  ready  for  mounting  and  previous  examination,  so  that  students 
can  try  the  effect  of  reagents  upon  them  before  putting  them  up  as 
permanent  objects.  A  circular  accompanies,  detailing  the  methoa  of 
mounting  and  what  to  observe  in  the  finished  slides.] 

Micr.  Netcs,  III.  (1883)  p.  840. 
Tabanek,  E.  J. — Monographic  der  Nebeliden  Bohmen's. 

[0)ntains  a  note  on  preparing  Fresli-water  Rhizopoda.    Posfl 
Abh.  K.  B6hm.  GeselL  Wiss,,  XI.  (1882)  Art.  No.  8,  iv.  and  56  pp.  (5  pis.). 

Taylob,  T. — Freezing  Microtome. 

Proc.  Amer.  Assoc.  Adv.  5b'.,  1881,  pp.  119-21. 
Thoma,  B. — ^Microtome  h  glissement  et  me'thodes  d'enrobage.    (Sliding  Micro- 
tome and  methods  of  imbedding.) 
[Same  as  ante.  Vol.  III.  (1883)  p.  298,  and  post.'] 

J<mm.  de  Microgr.,  VII.  (1883)  pp.  576-83  (7  figs.),  pp.  639-44  (1  fig.) 
Thompson,  I.  C.-  Microscope  Labels. 

[Claim  of  priority  over  Mr.  Quinn  for  the  labels  described  Vol.  III. 
(1883)  p.  926.] 

Micr.  Neves,  III.  (1883)  pp.  334-6. 
Thomson,  W. — ^The  size  of  Atoms. 

IPost."]  Proc.  Boy.  Instit.,  X.  (1883)  pp.  185-213  (11  figs.). 

YoBCE,  C.  M. — The  microscopical  discrimination  of  Blood. 

[Six  propositions  "generally  and  with  rare  exceptions  true,'*  setting  forth 
the  author's  **  views  of   micrometry  in  general  in  relation  to  minute 
objects,  including  blood."]    Also  comments  by  R.  Hitchcock. 
Amer,  Mon.  Micr.  Journ.,  IV.  (1883)  pp.  223-5,  238-9 ;  V.  (1884)  pp.  17-8. 
„        ,,        Expanding  the  Blow-fly's  Tongue.    [Post."] 

Amer.  Mon.  Micr.  Joum.,  V.  (1884)  p.  12. 

W.,  D.  S. — ^Washing  and  mounting  objects  containing  a  considerable  quantity  of 
air.    IPost."]  Amer.  Mon.  Micr.  Joum.,  V.  (1884)  p.  18. 

Wabd,  E. — Mounts  and  Mounting. 

[Abstract  of  the  author's  'Microscopical  Mounts  and  Mounting,'  and 
•  Micro-crystallization.*] 

Amer.  Mon.  Micr.  Joum.,  IV.  (1883)  pp.  149-56  (in  part). 

West,  T. — **  Polariscope  objects,  with  few  exceptions,  are  merely  pretty  things, 
well  enough  calculated,  in  moderation,  to  relieve  the  solid  bill  of  fare  at  a  soi^e 
or  converztfizione,  but  nothing  whatever  is  to  be  learnt  from  them  save  that  by 
certain  arrangements  of  apparatus  belonging  to  our  MicroaoopcB,  some  things 
become  decked  in  gay  colours ;  that  is  literally  all.*' 
[This  statement  will,  we  think,  be  generally  recognized  as  Tery  much  too 
sweeping ! — Ed.  J.B.M.S.] 

Joum.  of  Microscopy f  III.  (1884)  p.  47. 

Whitman,  O.  O. — Recent  improvements  in  Section-cutting. 

[Contains  abstracts  of  Andres,  Giesbrecht,  and  Mayer's  section-smoother, 
III.  (1883)  p.  916— The  registering  micrometer-screw.  III.  (1883)  p.  914 
and  snprci,  p.  153 — The  new  object-holder,  III.  (1883)  p.  915— An 
improvement  in  the  carriers,  IIL  (1883)  p.  916 — ^Type-metal  boxes  for 
imbedding.  III.  (1883)  p.  913.] 

Amer.  Natwal,  XVII.  (1883)  pp.  1311-16  (3  figs.). 
Whitman,  C.  O. — Methods  of  preventing  the  rolling  of  microtomic  sections. 

[Transverse  knives,  post.  Schulze's  section-smoother  (1  fig.)  III.  (1883) 
p.  450.] 

Amer.  Natural.,  XVIII.  (1884)  pp.  106-8  (1  fig,). 
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Woodward,  A.  L. — Unpressed  mounting  of  the  Tongue  of  the  Blow-fly. 

[**  While  it  is  an  easy  matter  to  catch  and  decapitate  your  blow-fly,  unfor- 
tunately he  will  *not  always  protrude  his  tongue  properly  during  the 
operation,  and  my  experience  is  that  the  tongue  remains  /or  ever  after 
fixed  in  the  position  that  it  happens  to  be  in  when  life  in  the  fly  becomes 
extinct  To  remedy  this,  I  tried  the  plan  of  immersing  tiie  living  insect 
in  alcohol,  and  with  perfectly  satisfactory  results.  At  the  moment  of 
death  the  tongue  is  forcibly  protruded  to  its  entire  length.  Even  the 
short  proboscis  of  the  house-fly  is  satisfactorily  displayed.  I  tried  carbolic 
acid  in  the  same  way,  but  the  results  were  not  nearly  so  good,  and, 
besides,  alcohol  is  a  much  nioer  fluid  to  handle.'n 

Amer,  Man.  Micr,  Joum.,  IV.  (1883)  p.  239. 
Wbioht,  L. — Microscopical  Mounting. 

[Impossibility  of  procuring  insect  preparations  '*  mounted  in  a  really  first' 
class  manner,*'  &o.1 

Engl.  Mech.,  XXXVUI.  (1883)  pp.  343-4  (2  flgs.). 
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MsBTiNaoF  12th  Dbosmbeb,  1883,  atEinq's  College,  STaAin),W.&i 
James  Glaisheb,  Esq.,  F.B.S.,  Yiob-Pbbsident,  in  the  Chaib. 

The  Minutes  of  the  meeting  of  14th  November  last  were  read  and 
confirmed,  and  were  signed  by  the  Chairman. 


The  List  of  Donations  (exclusiye  of  exchanges  and  reprints)  re- 
ceived since  the  last  meeting,  was  submitted,  and  the  thanks  of  the 
Society  given  to  the  donors. 

From 
Balbiani,  G. — ^Le^ons  sur  les  Sporozoaires.     viiL  and  184  pp. 

(51  figs,  and  5  plfl,)-    8 vo,  Paris,  1883         The  Author. 

FergiiBon,  J. — The  Microficopne,  its  Revelations  and  Applications 

in  Science  and  Art.    viii.  and  160  pp.    Svo,  Edinburgh, 

1858 Mr,  Crisp. 


The  Chairman  said  it  was  his  painful  duty  to  announce  that  since 
their  last  meeting,  the  death  had  occurred  of  one  of  their  number,  who 
during  almost  the  whole  of  his  life  had  been  held  in  the  highest 
esteem  and  respect  by  all  microscopists.  He  referred  to  Mr.  Hugh 
Powell,  of  the  firm  of  Powell  and  Lealand.  It  was  truly  a  ripe  old 
age  to  which  he  had  attained,  but  nevertheless  it  was  always  painful 
when  at  length  the  time  of  parting  came,  and  both  as  a  Society  and 
as  individuals,  he  was  sure  they  must  deeply  regret  the  removal  of  one 
whom  they  had  always  held  in  such  respect.  It  was  by  an  unfor- 
tonate  coincidence  that  it  fell  to  his  lot  to  announce  to  the  same 
meeting  the  death  of  Mr.  Powell's  most  distinguished  rival  in 
America,  Mr.  B.  B.  Tolles,  of  Boston,  who  had  also  done  so  much  for 
the  improvement  of  objectives.  Peace  be  to  both  of  them,  with  the 
kindliest  feelings  of  sympathy  towards  their  respective  families,  of 
every  Fellow  of  the  Society. 


Mr.  Crisp  exhibited  (1^  Mr.  H.  P.  Aylward's  Microscope,  having 
a  swinging  tail-piece  rotating  completely  round  the  stage,  so  that  the 
mirror  and  substage  could  be  set  in  any  required  azimuth  (p.  110) ; 
^2)  a  Microscope  by  Mr.  A.  McLaren,  rotating  upon  the  horsensihoe 
loot,  so  as  to  secure  greater  stability  for  the  instnmient  when  the  body 
was  inclined  at  any  considerable  angle  (p.  Ill) ;  (3)  a  Microscope  by 
Herr  F.  W.  Scbieck  (p.  112),  with  a  number  of  objects  inserted  in 
the  circumference  of  a  revolving  drum,  so  that  each  could  be  passed 
in  turn  beneath  the  objective.  A  translation  of  the  inventor's  de- 
scription of  the  instrument  and  its  advantages  was  road  to  the 

Ser.  2.— Vol.  IV.  M 
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meeting,  and  his  claim  to  absolute  originality  shown  to  be  erroneous 
by  the  exhibition  of  Harris's  Microscope  (p.  115),  obviously  of  con- 
siderable age,  in  which  the  same  idea  had  been  carried  out. 


Mr.  W.  H.  Walm8ley*8  photo-micrographs  were  exhibited,  two  of 
which  in  particular  (of  Mdller*8  diatoms)  were  characterized  by  the 
Chairman  as  Tery  excellent  examples  of  photo-micrography. 


Mr.  W.  M.  Bale's  note  on  Mounting  in  Glycerine  was  read. 


Dr.  J.  H.  L.  Flogel's  paper  on ''  Researches  on  the  Structure  of  Cell- 
walls  of  Diatoms  '*  was  brought  before  the  meeting  by  Mr.  J.  Mayall, 
jnn.,  who,  in  his  preliminary  remarks,  said  that  it  would  be  remembered 
that  some  time  ago  they  had  heard  reports  that  some  one  abroad  was 
making  sections  of  diatoms,  and  he  was  requested  by  Mr.  Crisp  to 
institute  inquiries  with  the  view  of  bringing  the  method  before  the 
Society.  He  subsequently  found  that  this  work  was  being  done  by 
Dr.  Flogel  of  Holstein,  who,  there  appeared  no  reason  to  doubt,  was 
not  only  a  skilled  and  competent  observer,  but  that  he  possessed 
every  kind  of  appliance  for  making  careful  observations.  Having 
ascertained  this,  the  next  thing  was  to  obtain  specimens  of  actuad 
sections  of  diatoms,  without  which  it  was  of  course  not  possible  to 
form  any  satisfactory  judgment  on  the  matter.  He  was  fortunate  in 
persuading  Dr.  Schr&der,  now  resident  in  London,  to  write  to  Dr. 
Flogel  upon  the  subject,  and  in  the  result  they  had  received  a  very 
elaborate  paper  accompanied  by  a  dozen  slides  and  a  number  of 
photographs  and  drawings  in  illustration. 

A  careful  examination  of  the  slides  showed  that  Dr.  Flogel  was 
thoroughly  familiar  with  the  finest  processes  of  mounting,  and  with 
all  that  had  been  done  by  MoUer.  One  of  the  slides  was  exhibited 
in  the  room  under  a  1/25  in.  objective  by  Mr.  PowelL  It  was  a 
section  of  TrieercUium  favu8,  and  the  excellence  of  the  specimen  gave 
rise  to  the  impression  that  something  even  more  difficult  than  this 
could  be  accomplished.  Amongst  the  other  specimens  sent,  were 
some  Tery  clean  cut  sections  giving  an  exceptionally  clear  image. 
It  was  stated  by  Dr.  Flogel  that  as  many  as  174  transverse  sections 
had  been  made  of  one  diatom,  all  of  which  could  be  plainly  identified 
as  belonging  to  the  same  diatom.  Mr.  Mayall  said  that  he  could  not 
pledge  himself  as  to  the  correctness  or  otherwise  of  the  theory  set 
up  by  the  author  of  the  paper,  as  the  subject  was  not  one  which  he 
had  made  his  own,  although  he  had  taken  some  pains  to  translate  the 
paper  for  publication  in  the  Journal  of  the  Society. 

Mr.  Mayall  then  read  an  abstract  of  the  paper  to  the  meeting,  and 
the  subject  was  discussed  by  Mr.  Curties,  Mr.  Crisp,  and  other  Fellows. 

The  Chairman  in  proposing  a  vote  of  thanks  to  Dr  Flogel  for  his 

eper,  said  that  he  was  sure  the  Society  would  feel  doubly  indebted  to 
r.  Mayall  for  the  exertions  which  he  had  made  to  procure  the  paper, 
and  also  for  trouble  he  had  taken  in  the  matter  of  its  translation. 
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The  following  Instnunents,  Objects,  &o.,  were  exhibited  :— 
Mr.  Crisp : — 

1^  Aylward's  Rotating  and  Swinging  Tail-piece  Microscope. 

|2^  McLaren's  Microscope  with  Rotating  Foot. 

[d)  Schieck's  Revolyor  School  and  Drawing-room  Microscope. 

[4)  Harris's  Bevolyer  Microscope. 
Dr.  J.  H.  F15gel :  —Sections  of  Diatoms  illustrating  his  paper. 
Mr.  J.  Mayall,  jon. : — Ditto. 
Mr.  T.  Powell :— Ditto. 
Mr.  W.  H.  Walmsley : — Pl^oto-micrographs. 


New  Fellows : — The  following  were  elected  Ordinary  Fellows : — 
Messrs.  John  Butterworth,  W.  T.  Cleland,  M.B.,  T.  B.  Bossiter,  and 
Andrew  F.  Tait. 


CONYERSAZIONB. 

The  first  Conversazione  of  the  Session  was  held  on  the  8th 
Noyember,  1883.     The  following  objects,  &c.,  were  exhibited : — 

Mr.  H.  P.  Aylward : 

Set  of  collecting  apparatus. 
Mr.  Chas.  Baker : 

New  Mineralogical  Microscope  by  Zeiss. 
Portable  Student's  Microscope  by  Leitz. 
Stewart's  Safety  Stage. 

Test  Diatoms  in  monobromide  of  naphthaline  and  phosphorus, 
by  MoUer. 
Mr.  J.  Badcock : 

Ophrydium  Eichhomii  and  Fredericella  sultana. 
Messrs.  B.  and  J.  Beck : 

Bacillus  tuberculosis  in  liyer  of  a  bird,  and  BaciUus  Anthraeis  in 
human  liyer. 
Mr.  Thos.  Bolton : 

Cordylophora  lacustris, 
Mr.  W.  G.  Cocks : 

Megahtrocha  aJbo-flavicans, 
Mr.  F.  Crisp : 

Type-Plate  of  400  Diatoms,  with  names  photographed,  by  J.  D. 
Mbllcr. 
Mr.  G.  F.  Dowdeswell : 

Spermatozoa  of  Water  Newt  (Triton  cristatus).  (1)  Showing 
general  structure,  with  the  filament  and  membrane.  X  200 
diameters.  Powell's  4/10  in.  (2^  Showing  minute  barb  on 
point  of  head  of  the  same,  x  3600  oiameters.  Powell's  1/24  in. 
homogeneous  immersion,  N.A.  1 '  87. 
Mr.  F.  Enoch : 

Various  species  of  minute  Hymenoptera. 
Mr.  F.  Fitch : 

Dissection  of  PhaUingium  opilio, 

M  2 
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Sir.  H.  E.  Freeman : 

Acarina  from  a  hay-rick. 
Mr.  J.  W.  Groves : 

Hydra  fusca  and  Amoiha  of  large  size. 
Ur.  A.  de  Sonza  Qaimaraens : 

Hyphersthene,  St  Paul's  Island ;  Porphyritic  Melaphyre,  Planen, 

near  Dresden.     Stained  blue  ? 
Mica  Diorite,  Freiburg ;    Mica    Diorite,   Wolsan,    Ficbtelgeb. ; 
Quartz  Diabase,  Qoiha;  Quartz  Diorite,  Bingen.     The  same 
rock? 
Mr.  n.  Hailes : 

Abnormal  forms  of  Foraminifera  {PeneropUs), 
Mr.  J.  D.  Hardy : 

Cbromatosoope  and  transverse  section  of  eyelash  of  Whale. 
Mr.  J.  E.  Ingpen : 

Oyolosis  in  Australian  VaUisneria. 
Mr.  W.  Joshua : 

Sea  skimmings  from  the  east  coast  of  New  Guinea,  containing  the 
following  species  : — Bhizogolenia  styliformiSy  striata,  alata,  deti- 
gera,  ealcari$f  Shrubsolii;  Chcetoceras  peruvianua  and  Wighamii; 
Ooscinodiscus  nobiUa,  concinnus,  rcidicUm;  Lauderia  annulaia; 
MoeUeria  caudaia;  Eueampia  zodiacua;  Palmeria  Hardmaniana  ; 
Melotira  grandia,  &c. 
Dr.  Matthews : 

Sponge  from  the  base  of  Stylaater. 
Mr.  J.  UlLiyall,  jun. : 

Dr.  Sc^dder's  Camera  Lucida. 

„  1/4  in.  Eye-piece. 

„  1  in.  do. 

McLaren's  new  Fine  Adjustment. 
Mr.  A.  D.  Michael : 

Hophphora  magna.    The  muscles  for  raising  the  cephalothoraz, 
showing  the  tendonous  attachments  ;  and  a  trachea  of  Danumu 
gentculatua,  showing  the  spiral  structure  not  before  detected. 
Mr.  E.  M.  Nelson : 

Human  Spermatozoon,  showing  a  division  in  the  tail  not  before 
observed,  with  Powell  and  Lealand's  oil-immersion  1/12. 
Mr.  F.  A.  Parsons : 

Oerataphia  lalanice^  the  Homed  Aphis. 
Messrs.  Powell  and  Lealand : 

Scale  of  Podura  with  1/25  oil-immersion,  N.A.  1*88. 
Mr.  B.  W.  Priest : 

Section  of  Placoapongia  mdcbenoides,  and  Plumularia  ietacea^  with 
tentacles  expanded. 
Mr.  S.  0.  Bidley : 

*  Challenger '  Deep-sea  Sponges. 
Messrs.  Swift  and  Son : 

Small  Petrological  Microscope. 
Mr.  G.  Smith : 

Fossil  Wood  silicified  in  section ;  Dolerite,  &o. 
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Mr.  0.  Stewart : 

Scale  of  Lizard  (Cydodua  f). 
Mr.  J.  H.  Steward  : 

DaTis's  Central    Aperture  and  Iris  Diaphragm,  and  Ptowbo'b 
Ophthalmoscope. 
Mr.  Amos  Topping : 

Some  Vegetable  Preparations. 
Mr.  J.  G.  Waller : 

Excavating  AlgflB  ?  in  calcareous  particles  from  the  Gkibbard  and 
Gralloper  Sands,  ofif  east  coast  of  Essex  (decalcified). 
Mr.  H.  J.  Waddington : 

Examples  of  Foliated  Crystals,  polarized  Erythrite,  Solpbo- 
carbolic  acid  (?),  Kinate  of  quinine,  and  Magnesium  platino- 
cyanide. 


MxBTiNO  OF  9th  Jakuabt,  1884,  AT  EiNo's  CoLLEOB,  Stband,  W.O. 
Thx  Pbssident  (P.  Martin  Duncan,  Esq.,  F.R.S.)  in  the  Chahu 

The  Minutes  of  the  meeting  of  12th  December  last  were  read  and 
confirmed,  and  were  signed  by  the  Chairman. 

The  List  of  Donations  (exclusive  of  exchanges  and  reprints) 
received  since  the  last  meeting  was  submitted,  and  the  thanks  of  the 
Society  given  to  the  donors. 

HartiDg,  P. — Rccherches  microm^triqnes  ear  le  d^veloppement  From 

des  Tissns  et  des  Organes  da  Corps  humain,  pi^c^^  d'un 
examen  critique  dee  diff^rentes  m^thodes  miorometriques. 
yiil.  and  88  pp.    4to,  Utrecht,  1845     Mr,  Crisp, 

Heller,  K.  B. — Das  diopb'isobe  Mikroskop,  dessen  Einrichtnng 

und  BehandluDg.   vL  and  56  pp.  (18  figs.).   8yo,  Wien,  1856       Mr,  Crisp, 

liagnin,  A.,  and  G.  M.  Sternberg. — Bacteria,   xix.  and  494  pp. 

(30  flgs.  and  12  pis.).    8vo.  New  York.  1884      Dr,  Sternberg, 

Set  of  Oollecting  Apparatus Mr,  H.  P,  Aylvoard, 

Slide  of  if KTO^AomnKm  r^jBo/or  (Cooke)         Mr,  W,  B,  Twmitr 


Mr.  Crisp  exhibited  and  described  Mr.  Bulloch's  new  Objeotiye 
Attachment  (p.  118),  which  he  thought  was  more  complicated  than 
was  at  all  necessary,  and  which  on  that  account  could  not  be  considered 
an  improvement  on  that  of  Mr.  Nelson,  or  the  Matthews-Watson  form. 


Mr.  John  Mayall,  jun.,  exhibited  and  described  (1)  Mr.  Parsons^ 
Current  Slide  (p.  121),  and  (2)  Nelson's  Microscope  I^amp,  with  the 
oil  vessel  in  the  originial  square  form  (p.  125),  and  also  with  the  im- 
proved round  vessel  as  suggested  by  himself.  With  the  exception  of 
the  very  elaborate  and  expensive  lamp  devised  by  Mr.  Dallinger,  he 
considered  this  to  be  the  best  lamp  yet  produced  for  microscopical 
purposes. 

Mr.  Crisp  pointed  out  that  the  device  made  use  of  in  Mr.  Parsons^ 
slide  was  adopted  by  M.  Nachet,  some  years  ago,  for  ac^usting  the 
depth  of  the  cell  in  counting  blood-corpuscles. 


166  PBOGESDINaS  OF  THS  80CISTT. 

Mr.  W.  J.  SoUas's  letter  on  the  subject  of  cutting  sections  of  diatoms 
was  formally  laid  before  the  meeting.  It  had  reference  to  the  paper 
of  Dr.  Fldgel,  read  at  the  December  meeting,  and  was  also  intended 
to  be  read  at  that  meeting,  but  did  not  come  to  hand  until  the  meeting 
was  over,  when  it  was  informally  oommunicated  to  those  present.  The 
letter  was  as  follows  : — 

"  For  some  time  past  I  have  been  engaged  in  cutting  sections  of 
diatoms.  My  plan  is  to  scrape  off  a  green  slime  from  our  river  mud, 
consisting  chiefly  of  Pleurosigma  zigzag — a  large  species  suitable  for 
cutting.  The  sUme,  together  with  some  mud,  unavoidably  gathered 
at  the  same  time,  is  placed  in  a  saucer  and  covered  with  a  piece  of 
muslin,  which  lies  in  immediate  contact  with  the  mud,  while  a  film  of 
water  lies  above  it.  The  saucer  is  now  exposed  to  daylight,  and  the 
diatoms  creep  through  the  muslin^  collecting  in  a  consistent  film 
on  its  upper  surface.  The  muslin  may  now  be  lifted  from  the  mud, 
it  comes  away  clean  bringing  all  the  diatoms  with  it,  but  leaving  the 
mud.  The  muslin  -with  Qie  diatom  film  is  now  immersed  in  the  usual 
hardening  and  staining  reagents.  I  have  used  a  mixture  of  chromic 
and  osmic  acids  and  absolute  alcohol  for  hardening ;  borax-carmine, 
hematoxylin,  and  eosin  for  staining.  When  duly  stained  and  hardened 
the  diatom  films  may  be  removed  from  the  muslin  without  difficulty, 
and  cut,  either  by  imbedding  in  pure  paraffin  (melting  point  58°)  and 
mounting  in  Canada  balsam,  or  by  freezing  in  gelatine  jelly,  which 
allows  one  to  cut  consisteHt  sections  which  may  he  mounted  direct  in 
glycerine  on  a  glass  slide,  without  passing  through  water.  By  em- 
ploying these  two  processes,  I  have  made  out  the  internal  structure  of 
diatoms,  and  believe  that  I  can  detect  fine  protoplasmic  threads  pro- 
ceeding from  the  protoplasm  that  surrounds  the  nucleus  and  passing 
through  apertures  in  the  median  keel.  I  am  not  yet,  however,  in  a 
postion  to  demonstrate  this  with  absolute  certainty,  but  hope  to  do 
so  soon." 


Dr.  Beale  gave  a  resume  of  his  paper  on  **  The  Constituents  of 
Sewage  in  the  Mud  of  the  Thames  "  (p.  1),  illustrating  his  remarks  by 
numerous  drawings,  and  pointing  out  tne  important  bearing  of  the 
matter  upon  the  question  of  the  health  of  the  population  of  London  in 
the  probably  near  future. 

The  President  thought  the  Society  would  feel  greatly  indebted  to 
Dr.  Beale  for  bringing  before  it  this  very  unpleasant  subject  in  a  truly 
scientific  spirit  Of  its  great  importance  from  a  sanitary  point  of  view 
there  could  be  no  manner  of  doubt. 

Mr.  Bennett  said  he  could  confirm  from  his  own  experience  the 
view  expressed  by  Dr.  Beale,  that  by  no  means  all  of  the  sewage  of 
London  was  discharged  into  the  Thames.  As  an  instance  in  point, 
he  might  say  that  he  had  lived  for  some  time  in  the  north  of  London, 
and  had  recently  discovered  that  there  was  no  connection  between  the 
house  and  the  main  drain,  but  that  the  house  drains  merely  led  to  a 
cesspool.  He  was  told  that  this  was  the  case  with  at  least  half  the 
other  houses  in  the  road.  He  should  be  sorry  to  appear  to  throw  the 
slightest  doubt  on  any  point  touched  upon  by  Dr.  Beale,  as  of  course. 
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when  they  appeared  in  print,  many  of  the  particnlars  wonld  be  more 
foUy  entered  upon ;  but  with  regard  to  the  spiral  vessels  of  plants 
found  in  the  mnd,  and  the  snggestion  that  they  belonged  to  cabbage 
which  had  passed  through  the  intestinal  canal  of  man,  he  belieyed 
that  it  was  a  fact  that  thoy  were  without  any  work  upon  the  anatomy 
of  the  spiral  vessels  which  was  at  all  conclusive  upon  the  subject,  or 
any  information  which  would  enable  them  to  discriminate  between 
the  spiral  vessels  of  different  plants,  or  between  those  from  different 
parts  of  the  same  plant.  Before,  therefore,  it  would  be  possible  to 
accept  the  evidence  as  conclusive,  they  required  some  controlled 
experiments  to  prove  that  such  things  did  not  exist  in  water  which 
was  free  from  all  suspicion  of  sewage.  The  cabbage,  as  was  well 
known,  belonged  to  an  order  of  plants  very  common  on  the  banks  of 
the  Thames,  watercress  for  example  growing  there  in  large  quantities, 
besides  which  cabbage  was  an  article  extremely  likely  to  be  thrown 
overboard  from  vessels  and  barges,  so  that  he  should  be  very 
careful  in  coming  to  a  conclusion  that  these  spiral  vessels  necessarily 
had  their  origin  in  the  sewage. 

Dr.  Maddox  said  that  some  years  ago  he  made  a  similar  examina- 
tion of  water  and  mud  from  a  field  which  had  been  irrigated  with 
sewage.  He  took  some  from  the  inlet,  and  the  other  from  a  place 
just  below  the  inlet,  and  he  had  not  the  slightest  difficulty  in  recog- 
nising specimens  in  Dr.  Beale's  drawings  as  being  of  the  same  kind 
as  those  which  ho  found  on  that  occasion.  Amongst  other  things,  it 
was  quite  easy  to  identify  muscular  fibre,  some  of  which  was  very 
impeifectly  digested,  also  minute  portions  of  broken  shell,  but  the 
chief  thing  which  struck  him  was  the  great  excess  of  muscular  fibre 
in  proportion  to  the  quantity  of  vegetable  matter.  There  might  have 
been  portions  of  coal,  but  he  did  not  remember  recognizing  its  struc- 
ture so  clearly  as  Dr.  Beale  had  done,  but  it  struck  him  as  being  a 
dangerous  process  to  irrigate  fields  with  this  kind  of  refuse,  and  then 
to  drink  the  water  from  streams  into  which  such  water  drained. 

Dr  Beale  said  he  quite  agreed  with  Mr.  Bennett  that  it  was 
impossible  actually  to  identify  the  spiral  vessels,  but  having  regard 
to  their  identity  with  those  obtained  from  cabbage,  the  chief  point 
upon  which  he  laid  stress  was  the  very  great  quantity  of  them  found,  in 
excess  of  all  that  could  be  well  accounted  for  in  any  other  way.  Then 
again,  it  was  well  known  that  the  number  of  vegetables  growing 
upon  the  banks  of  the  river  went  on  decreasing,  whilst  the  quantity 
of  mud  kept  increasing.  There  was  one  point  of  interest  in  connec- 
tion with  the  subject  which  he  ought  to  have  mentioned,  and  that  was 
the  marked  difference  in  the  death  rate  of  London  since  the  present 
system  of  drainage  was  adopted.  In  1870,  when  the  system  was  first 
set  to  work,  the  rate  of  mortality  was  24  *  4,  and  it  had  since  that 
time  decreased,  until  now  it  was  only  21*4,  so  there  was  every 
encouragement  for  every  one  to  do  his  best  to  get  rid  of  the  sewage,  or 
to  dilute  it  still  further. 

Mr.  Crisp  referred  to  a  paper  by  Mr.  O.  Acheson  (Proc.  Canad. 
Inst  i.  (1883)  pp.  413-26),  with  fourteen  pages  of  description  of 
organisms  found  in  the  tap  water  of  Toronto. 
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CoL  0*Hara*8  oommonication  on  some  peculiarities  of  form  and  in- 
dependent moyement  in  blood-corpascles,  and  a  subsequent  letter 
on  the  subject  were  read.  Photo-micrographs  in  illostration  were 
also  exhibited. 

Dr.  Maddox  said  that  in  Dr.  Sternberg's  "  Photo-micrographs,"  a 
blood-corpnscle  from  a  yellow-feyer  patient  was  figured  which  he 
thought  diowed  the  same  kind  of  appearance  as  that  described. 

CoL  O'Hara  also  further  explained  the  results  of  his  examination. 


Mr.  Crisp  read  a  letter  from  Dr.  Van  Heurck  on  the  advantage  he 
had  found  in  mounting  in  stjrax,  and  exhibited  the  slides  which  he 
had  sent 

V^.tJf'.  P.^Bissefg  "  List  of  Desmidie®,  found  in  gatherings  made 
in  the  neighbourhood  of  Lake  Windermere  during  1883,"  was  taken 
as  read. 

Mr.  W.  B.  Turner's  communication  on  Microthamnion  vexcUor,  a  new 
species  of  fresh-water  algaa,  was  read,  and  a  specimen  exhibited. 


Mr.  Crisp  read  a  list  of  Fellows  who  had  been  nominated  for 
election  at  the  February  Meeting  as  Officers  and  Council  for  the 
ensuing  year. 

Mr.  P.  J.  Butler  and  Mr.  B.  Kemp  were  duly  elected  Auditors  of 
the  Treasurer's  accounts. 


The  following  Listruments,  Objects,  &o.,  were  exhibited :— 
Dr.  Beale : — Slides  illustrating  his  paper. 
Mr.  Crisp : — Bulloch's  Objective  Attachment. 
Mr.  J.  Mayall,  jun. : — (1)  Parsons'  Current  Slide;  (2)  Nelson's 
Microscope  Lamps. 

Col.  O'Hara : — Photo-micrographs  of  Blood-corpuscles. 
Mr.  W.  B.  Turner : — New  Fresh-water  Alga. 
Dr.  Van  Heurck : — Diatoms  mounted  in  styrax. 
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TRANSACTIONS  OF  THE  SOCIETY. 

III. — Observations  on  the  Life-History  of  Stephanoceros 
Eichhornii.    By  T.  B.  Eossetbr,  F.R.M.S. 

(Read  Sth  November  1882,  and  12th  March  1884.) 
Plate  V.  Fios.  1-3. 

In  the  coarse  of  some  observations  to  verify  the  faot  that  the 
cell  of  Stephanoceros  Eichhornii  is  tabular,  I  determined  to  try  the 
experiment  of  freeing  the  creatore  from  its  cell.  I  accordmgly 
took  a  fine  and  healthy  individual  from  my  tank,  placed  it  on  the 
plate  of  the  live-box  with  a  small  quantity  of  water,  and  after  care- 
fully observing  it  with  a  1/2  in.  objective  and  C  eye-piece,  I 
made  an  incision  in  the  cell,  and  severed  the  creature's  tail  just 
above  the  sucker.  After  paring  down  the  leaf  to  which  it  was 
attached,  and  substituting  a  2-m.  objective,  I  took  a  very  fine 
lancet,  and  steadying  the  leaf  with  a  needle  and  watching  my 
opportunity,  I  severed  the  muscles,  cutting  the  tail  through  close 
to  the  base,  and  I  had  the  gratification  of  seeing  it  swim  out  of  the 
cell,  leaving  the  cell  perfectly  intact.  I  subsequently  again  tried 
the  experiment,  with  the  following  results  (extracted  from  my 
diary). 

On  Monday,  May  15th  (10  p.m.)  I  placed  a  good  specimen  of 
Stephanoceros  EicKlwmii  in  a  moderately  deep  circular  trough  with 
a  square  base,  my  object  for  so  doing  in  preference  to  usmg  the 
live-box  being  to  ascertain  what  amount  of  vitality  existed  after 
disconnection.  This  time,  instead  of  merely  making  a  smsJl 
incision  in  the  cell,  I  cut  it  straight  across,  completely  dividinff 
tiie  cell,  a  small  portion  with  the  lower  end  of  the  tail  being  left 
attached  to  the  piece  of  weed.  The  other,  containing  the  animal 
and  the  greater  portion  of  the  cell,  I  dragged  away  into  the 
middle  of  the  trough,  and  awaited  results.  At  first  the  creature 
did  not  attempt  to  move,  its  tentacles  being  completely  doeed  up 
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in  the  cell ;  but  the  mastax  and  the  intestines  kept  moving.  It 
remained  in  this  state  for  two  hours,  and  then  began  to  rouse  up, 
but  instead  of  expanding  the  tentacles  and  making  an  exit  out  of 
the  upper  end  of  the  cell  as  before,  it  began  to  back  out  of  the 
cell  by  the  lower  end,  and  after  some  time  cleared  it,  turned  round, 
and  gradually  expanded  the  tentacles.  I  watched  it  a  greater 
portion  of  the  night,  and  it  seemed  in  no  way  the  worse  for  the 
operation  it  had  undergone. 

On  Tuesday,  16th,  9  a.h.,  I  found  it  alive  and  to  all  appear- 
ance anchored  by  the  remaining  portion  of  its  foot,  one  cannot  say 
sucker,  because  that  had  been  left  behind.  At  10  p.m.,  twenty-four 
hours  having  elapsed,  it  was  still  alive,  and  seemed  to  be  in  the  best 
of  health  in  spite  of  the  change  in  its  circumstances.  The  tentacles 
were  perfectly  semicircular  and  rigid,  which  is  a  sure  indication  of 
health,  they  becoming  limp  and  straggling  when  the  creature  is 
Bickenmg  or  about  to  die. 

On  Wednesday,  the  17th,  at  7  a.h.,  I  found  the  creature  alive, 
and  what  is  more  strange,  that  it  had  thrown  off  an  ovum  in  an 
advanced  stage  of  development  The  ovum  was  dose  to  its  side, 
but  whether  attached  to  it  or  not  I  do  not  know.  Agitating  the 
liquid  in  the  trough  as  £Etr  as  I  dared  did  not  disturb  the  ovum. 
By  11  A.H.  the  voung  Stephanoeeros  broke  the  shell  and  swam 
away,  leaving  tne  shell  still  dinging  to  the  parent,  where  it 
remained  until  my  observations  came  to  a  conclusion.  At  11  pji. 
(49  hours  having  passed)  the  creature  was  alive  and  well,  and 
nrmly  fixed  by  its  portion  of  tail,  with  algsB  commencing  to  form  at 
the  base.  At  first  I  took  this  for  the  commencement  of  a  new  cell, 
but  in  this  respect  I  was  mistaken,  for  up  to  the  time  of  its  death 
it  remained  in  the  naked  condition. 

Throughout  the  day  on  Friday,  the  19th,  the  creature  was 
wonderfully  active  in  finding  and  selecting  food. 

On  Sunday,  the  21st,  all  through  the  day  there  were  unmistakable 
signs  of  approaching  dissolution.  The  mastax  worked  in  a  very 
fitful  manner.  I  left  it  in  the  evening,  feeling  sure  it  would  be 
dead  by  the  morning,  as  was  the  case,  just  eight  days  from  the  time 
of  leavmg  the  cell.  I  had  great  difficulty  in  finding  the  dead  body 
and  emp^  case,  the  growth  of  OscillatorieaB,  &o.,  having  for  the  last 
da^  or  two  been  so  great  that  it  was  with  the  greatest  difficulty  the 
animal  and  the  case  could  be  kept  from  being  hidden. 

Another  {euct  I  think  worthy  of  noting:  Examining  some 
Anaeharis,  I  found  an  empty  case  of  Stephanoeeros  Eichhomii  con- 
taining an  ovum  left  by  the  parent.  I  watohed  it,  and  saw  the 
young  one  break  the  shell,  come  out  into  the  cell,  and  after  swim- 
ming round  inside  it,  pass  out  of  the  aperture. 

The  above  observations  will  speak  for  themselves,  not  only  as 
to  the  charactor  of  the  cell  of  Stephanoeeros  Eiohhomii,  but  that 
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it  is  able  to  live  and  propagate  its  species  independently  of  the 
cell. 

On  another  occasion  I  watched  the  development  of  a  yonng 
Stephaiioceros  from  the  moment  of  hatching,  and  am  able  to  verify 
the  fact  that  the  tentacles  originate  as  buds,  and  unroll  like  the 
fronds  of  ferns.  After  the  lapse  of  about  eleven  hours  from  the 
time  of  hatching,  the  upper  portion  of  the  young  animal  com- 
menced to  swell,  and  small  buds  began  to  oe  pushed  upwards 
much  in  the  same  way  as  the  tentacles  begin  to  show  themselves 
on  the  more  advanced  buds  of  Hydra.  Tnese  buds  were  covered 
with  minute  cilia,  and  when  they  had  been  pushed  up  a  short 
distance  they  began  to  gradually  unfold  (plate  V.  figs.  2  and  3)  in 
the  same  manner  as  one  sees  the  fronds  of  ferns  unfold.  Thej 
remained  in  this  drooping  state  for  two  days,  but  on  the  third  day 
took  the  beautiful  arched  form  of  the  adult. 

Ehrenberg  was  correct  when  he  stated  that  Stephanoceros 
Etchhornii  was  viviparous,  although  at  the  time  his  ideas  were  con- 
sidered erroneous.  I  have  seen  them  give  birth  to  young  in  this 
way  very  frequently,  and  on  one  occasion  Dr.  English  *  watched 
an  individual  under  the  same  circumstances.  The  specimen  that  I 
watched  was,  when  1  found  it,  thoroughly  sunk  into  the  cell.  The 
cell  had  not  been  retracted  with  the  creature  (fig.  1),  but  was 
perfectly  erect.  The  creature  was  as  I  thought  in  a  dying  state, 
and  nothing  in  the  shape  of  food  tempted  it  to  come  out  of  its  cell. 
The  posterior  portion  of  the  body  was  very  much  enlarged,  and  hung 
down  like  a  bag.  The  tentacles  seemed  with  the  funnel  to  be 
thrust  into  the  body  of  the  creature ;  in  fact,  at  times,  it  seemed 
huddled  in  a  heap.  After  a  short  time  it  revived  a  little,  and 
seemed  inclined  to  elongate,  but  quickly  retreated  again.  With  a 
1  /2  in.  and  C  eye-piece  I  saw  the  outlines  of  a  young  Stephanoceros 
in  the  pendulous  portion,  and  later  a  slight  opening  in  it  through 
which  it  began  to  protrude  head  first.  As  it  gradually  came  out, 
the  posterior  portion  opened  much  wider,  and  the  parent  seemed  to 
stram  itself  to  get  rid  of  its  burden.  At  length  it  seemed  about  to 
do  so,  but  the  young  one,  as  if  fearful  to  trust  itself  from  its  mother, 
withdrew,  but  soon  to  be  expelled  by  a  violent  effort  on  the  part  of 
the  latter.  After  floating  about  in  the  cell  for  a  short  time,  it  made 
its  escape  in  the  usual  way  through  the  natural  oriflce.  The 
mother  never  recovered,  but  died  in  the  cell  about  half  an  hour 
afterwards. 

The  fact  of  the  parent  dying  might  at  first  sight  seem  to 
lead  to  the  conclusion  that  this  was  not  a  true  act  of  viviparousness, 
but  I  have,  as  I  have  said  above,  witnessed  several  similar  cases,  but 
not  attended  with  the  same  fatal  results  to  the  parent. 

*  Resident  Medical  Officer  at  St.  Mary's  College,  Canterburj. 
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I  may  mention  here  the  process  which  I  adopt  in  examining 
Stephanoceros,  I  take  an  ordinary  glass  slip  and  place  the  object 
witn  a  small  quantity  of  water  in  the  centre.  I  men  shred  some 
blotting-paper  very  ^in,  cut  three  small  squares  and  place  them  at 
different  intervals  round  the  fluid,  but  taking  care  not  to  let  the 
blotting-paper  touch  the  fluid,  or  else  the  object  will  be  drawn 
towards  it  by  capillary  attraction.  I  usually  wet  the  blotting- 
paper,  previous  to  putting  it  on  the  slip.  1  mention  this  as  I 
nave  lost  some  valuable  specimens  through  inadvertence.  I  then 
place  the  cover-glass  over  the  object,  letting  it  rest  on  the  edges 
of  the  blotting-paper;  and  as  the  fluid  evaporates  it  is  easily 
renewed  by  wetting  the  edges  of  the  paper.  I  find  twice  in 
twenty-four  hours  quite  sufficient.  The  process  is  very  simple  and 
inexpensive,  and  I  have  found  it  answer  better  than  the  usual  live- 
box  or  compressorium.  I  have  kept  Stephanoceroa  alive  thus  for 
ten  and  twelve  days,  and  have  watched  its  progress  from  the  ovum 
to  maturity.  What  is  important  to  any  one  whose  means  are 
limited,  it  is  inexpensive,  and  very  convenient.  I  keep  it  covered, 
when  not  xmder  observation^  with  a  small  watch-glass. 
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IV. — The  President* B  Address. 
Bj  Prot  P.  Mabtin  Duncan,  F.B.S.,  V.P.L.S.,  &c. 

(Annual  Meeting,  IZth  February,  1884.) 

The  two  addresses  which  I  have  had  the  hononr  of  deliyering  as 
yonr  President,  were  mainly  devoted  to  the  consideration  of  the 
practical  optics  of  objectives  of  high  power.  On  the  present 
occasion  I  desire  to  direct  attention,  amongst  other  matters,  to  the 
importance  of  the  perfection  and  use  of  those  combinations  of 
lenses  which  do  not  amplify  greatly,  and  yet  are  more  frequently 
employed  than  high  powers  and  quite  as  usefully. 

The  combinations  which  give  large  amplification,  are  doubtless 
very  attractive  to  the  high-ckss  microscopist,  who  prides  himself 
on  overcoming  the  difficulties  attending  the  employment  of  his 
objectives,  and  thej  are  of  course  absolutely  requisite  in  most 
microscopical  investigations.  But  the  low  powers — so  readily  and 
easily  managed,  so  necessary  before  the  employment  of  the  high- 
power  objective  is  attempted,  so  important  in  the  use  of  the 
binocular  Microscope  and  of  the  jpolarizing  apparatus,  and  such 
auxiliaries  to  the  hand-lens,  from  the  readiness  with  which  opaque 
objects  can  be  viewed — are  of  paramount  importance  to  microscopists 
of  every  degree. 

There  are  many  microscopists  who  enjoy  the  use  of  their 
instruments  without  any  desire  or  power  to  add  to  the  original 
research  which  accumulates  so  seriously  year  by  year.  They  like 
to  see  b^utiful  things,  to  marvel  at  the  aesthetics  of  nature,  to 
examine  the  intricacies  and  delicacies  and  exquisite  symmetry  of 
the  structures  of  natural  objects  which  so  &r  surpass  the  results  of 
the  art  and  industry  of  man.  To  all  these  followers  of  our  science 
the  low-power  objective  is  of  primary  importance.  Many  hundred 
lithographic  plates  are  published,  year  by  year,  on  which  are 
depicted  minute  recent  and  fossil  forms  which  could  not  be  studied 
without  the  low-power  objective,  and  which  do  not  come  within 
the  scope  of  high  amplification.  As  being  necessary  to  the  most 
advanced  investigators  of  minute  things  in  their  preliminary  work, 
as  absolutely  necessary  for  the  draughtsman  and  describer  of  opaque 
and  transparent  small  objects,  and  as  the  media  of  great  intellectual 
enjoyment,  the  objectives  which  are  termed  low  in  power,  from 
their  magnifying  capacity  being  small,  and  which  have  from 
1/2  in.  to  4  in.  of  focus,  should  always  receive  attention.  They 
illustrate  the  supreme  ease  with  which  former  weary  labour  has 
been  superseded. 

A  good  monocular  or  binocular  stand,  a  large  and  miovable 
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stage  ¥rith  its  proper  accessories,  and  the  buU's-eye,  mirror,  and 
iUnmination  to  match,  are  ahnost  invariable  accompaniments  of  the 
low  power.  The  observer  can  work  hour  after  hour  and  with  but 
little  fatigue.  The  object  can  be  drawn  with  or  without  the 
camera  lucida ;  and  if  it  is  a  rock  specimen  the  polariscope  can  be 
used  with  ease. 

It  was  quite  another  matter  in  days  gone  by,  when,  however, 
most  lasting — indeed  everlasting — work  was  done  with  the  aid  of 
the  low  and  imperfect  powers.  Compare  the  luxurious  microscopist 
of  to-day  with  the  painfully  labouring  yet  ever  illustrious  Swam- 
merdam.  In  workm^  at  his  memoir  on  the  Day-fly,  the  figures 
in  which  are  marvels  of  exactitude,  Swammerdam  excited  the 
admiration  and  pity  of  Boerhaave,  who  wrote  of  him  as  follows : 
''All  day  he  was  employed  in  examining  objects,  and  at  night 
described  and  delineated  what  he  had  seen  by  day.  At  six  in  the 
morning  in  summer,  he  began  to  receive  sufficient  U^ht  from 
the  sun  to  enable  him  to  trace  the  objects  of  his  examination.  He 
contmued  dissecting  until  12  o'clock,  with  his  hat  removed,  lest  it 
should  impede  the  light,  and  in  the  full  glow  of  the  sun,  the  heat 
of  which  caused  his  head  to  be  constantly  covered  with  profuse 
perspiration.  His  eyes  being  constantly  exposed  to  a  strong  light, 
the  e£fect  of  which  was  increased  by  the  Microscope,  they  were  so 
affected  by  it  that  after  midday  he  could  no  longer  trace  the 
minute  bodies  which  he  examined,  although  he  had  then  as  bright 
a  light  as  in  the  forenoon." 

But  it  was  long  after  the  time  of  Swammerdam  before  comfort 
and  microscopical  investigation  were  associated.  Even  after  the 
achromatic  system  had  been  discovered  and  utilized,  the  ''  doublet " 
and  ''triplet"  were  used;  but  these  scientific  atrocities  gave  way 
to  the  combination  of  lenses  now  employed,  and  the  days  of  com- 
paratively easy  working  began.  Great  care  was  taken  in  the  manu- 
&cture  of  the  objectives  of  low  power  in  this  country,  and  magnifi- 
cent roecimens  of  science  and  art  were  speedily  brought  forth. 
I  speak  under  correction,  but  it  appears  to  me  that  there  has  not 
been  any  great  improvement  upon  the  low-power  objectives  which 
were  produced  by  our  great  Microscope-makers  a  quarter  of  a  cen- 
tury since.  There  has  been  an  influx  of  second-rate  low-power 
objectives,  together  with  those  of  a  high  class,  and  the  reason  has 
bean,  not  from  any  deterioration  in  tiie  skill  of  the  artizan,  but 
from  the  behef,  on  me  part  of  the  public,  that  low-power  objectives 
are  more  easily  made  tnan  those  of  hi^h  power,  and  that  therefore 
they  should  not  be  so  costly.  This  is  a  great  mistake,  and  the 
mischief  produced  by  it,  in  the  demand  for  cheap  low-powers,  has 
not  been  checked  by  Uie  experience  of  those  microscopists  who 
almost  entirely  use  objectives  of  a  high  amplification.  Many 
investigators  rarely  employ  a  low  power,  and  provided  their  high 


The  President's  Address.    By  Prof.  P.  Martin  Duncan.    175 

power  objectives  are  good,  they  are  satLsfied  with  something  that 
will  act  as  a  low  magnifying  power.  It  does  not  require  mnch 
experience  to  prove  the  great  differences  between  the  qualities  of 
low  powers  of  the  same  supposed  amplification.  A  good  low-power 
objective  requires  more  work  to  be  done  on  it  than  does  a  high* 
power  combination,  and  hence  the  similarity  in  cost  of  a  first-rate 
English  low  power  and  a  foreign  high  power.  This  special  work 
is  not  always  given,  and  hence  the  diversity  of  merit  in  the  lowest 
powers  obtained  from  different  quarters.  The  absolutely  requisite 
qualities  of  first-class  low-power  objectives  are  a  large  flat  field, 
achromatism,  definition,  a  good  penetrating  power,  accurate  center- 
ing and  as  little  spherical  aberration  as  is  possible.  Of  the  vast 
number  of  cheap  lenses  now  produced,  it  can  only  be  said  that 
it  is  to  be  regretted  that  the  public  will  not  consider  that  they 
cannot  be  made  good  for  the  money  they  cost. 

There  are  very  considerable  differences  in  objectives  of  1/2 
in.  focus,  but  it  is  reaUy  a  good  plan  to  have  one  of  a  considerable 
aperture  and  another  for  ordinary  work,  with  a  less  aperture  and 
greater  penetrating  power.  Those  of  the  last-mentioned  kind  are 
the  most  valuable  with  the  binocular,  after  having  their  brasswork 
shortened.  These  lenses  and,  indeed,  all  the  low  powers  which  are 
so  readily  used  with  the  binocular,  are  often  severely  tried  by  it, 
and  their  errors  become  very  prominent.  Moreover,  the  indifferent 
prismatic  arrangement  of  many  binoculars  is  exposed  by  the 
objective. 

The  lowest  powers  compete  with  the  hand-lenses,  and  these  are 
rapidly  increasing  in  excellence.  It  is  remarkable  how  necessary 
it  is  to  employ  the  simple  hand-lens  after  or  before  submitting  small^ 
irregularly  shaped,  opaque  objects,  like  corals  and  forainmifera, 
to  the  compound  Microscope  for  purposes  of  illustration. 

Most  lulists  acknowledge  that  the  details  of  the  object  are 
beautifully  rendered  by  the  objective  and  Microscope,  but  tnat  they 
only  get  a  true  and  general  idea  of  it  by  usin^  the  hand-lens. 
Particular  direction  of  the  light,  the  depth  of  shadow,  and  the 
exaggeration  of  the  details  of  one  part  over  those  of  another, 
characterize  the  performance  of  the  Microscope  armed  with  a  low- 
power  objective;  and  a  difiused  light,  less  contrasting  shadow, 
and  a  more  symmetrical  and  general  amplification  are  the  gifts  of 
the  hand-lena  The  Microscope  employed  with  a  low-power 
objective  is  further  removed  than  the  smgie  lens  from  the  eye,  as 
an  instrument.  These  differences  are  amongst  the  proofis  of  the 
distinction  between  ordinary  and  microscopic  vision. 

The  utility  of  low  powers  and  their  easy  manipulation  have 
been  greatly  increased  by  numerous  appliances,  most  of  which  have 
been  carefully  considered  by  this  Society.  The  different  Idnds  of 
reflectors  and  condensers  of  light,  and  the  methods  of  dark-ground 


176  Transactions  of  the  Society. 

illmnmation  with  oblique  rays  of  light,  are  amongst  the  most  im- 
portant. The  alteration  of  the  binocular  system  to  suit  a  more  or 
lees  horizontal  position  of  the  tube  and  to  correct  reversal  of  the 
image,  has  produced  an  instrument  which  gives  the  ^eatest 
&oilities  to  workers,  and  under  which  dissection  and  selection  can 
take  place  very  readily.  It  supersedes  the  old  plan  of  placing  a 
low-power  objective  on  the  draw-tube  when  using  a  low  objective, 
although  this  is  an  excellent  plan. 

The  improvements  in  the  camera  lucida  are  all  in  &vour  of  the 
low  powers,  and  certainly  during  the  past  year  this  important 
adjunct  has  been  presented  in  many  forms  to  the  Society.  One 
apparently  diminishes  the  almost  inevitable  distortion  of  the 
renected  image,  and  another  gives  a  great  field  with  a  very  visible 
end  to  the  operator's  pencil. 

The  improvements  in  the  manufacture  of  the  polarizing  ap- 
paratus and  the  admirable  substage  movements,  which  have  so 
nequently  been  exhibited  before  the  Society,  raise  the  value  of  the 
low  powers  in  the  important  and  most  necessary  study  of  rocks. 
Finauy,  the  ready  change  of  objective  by  such  methods  as  that  of 
Dr.  Matthews,  is  gradually  doin^  away  with  the  nose-piece,  an 
adjunct  to  the  Microscope  which,  if  well  made,  is  very  useful,  but 
wnich  if  badly  made  is  especially  pernicious  to  the  development  of 
the  good  performance  of  the  low-power  objective. 

Some  important  communications  have  been  read  before  the 
Society  on  the  theory  of  the  Microscope,  and  it  is  satisfactory  to 
acknowledge  their  great  practical  besurings.  I  allude  especially 
to  the  papers  of  Prof.  Abbe  and  our  Secretary,  Mr.  Frwik  Crisp. 

Prof.  Abbe's  communications  are  full  of  mteresi  One  relates 
to  the  measurement  of  the  refractive  index  and  dispersive  power  of 
fluids,  without  having  resort  to  the  old  cumbrous  metnodstby 
hollow  prisms.  Abbe  s  refractometer  is  said  to  fulfil  all  that  is 
required  of  it.  The  leading  principle  of  the  apparatus  depends 
upon  the  obstruction  of  the  rays  by  total  reflection  at  the  surfiftce 
of  the  fluid  under  examination. 

Wollaston  and  others  adopted  the  method  of  observing  the 
maximum  intensity  of  the  reflected  ray ;  but  a  great  advant^  is 

Sined  by  observing  instead,  the  maximum  intensity,  so  to  say,  of 
e  transmitted  ray.  In  the  former  case  there  is  a  difficulfjr  in 
ascertaining  the  precise  point  where  the  light  reaches  its  maximum, 
whilst  in  the  latter  a  very  small  amount  of  light  is  easily  detected 
in  the  darkened  field.  A  second  communication  is  a  continuation 
of  one  on  the  Rational  Balance  of  Aperture  and  Power,  and  relates 
to  the  division  of  the  entire  power  of  the  Microscope  between 
ocular  and  objective.  The  necessity  for  this  balance  was  urged 
in  my  last  Presidential  Address. 

Our  Secretary's  paper  relates  to  the  measurement  of  the  magni- 
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fying  power  of  the  complete  instrament  with  eye-piece,  tube,  and 
objective,  and  exposes  the  fallacious  empirical  methods  hiUierto 
employed,  and  showing  that  the  correct  amplification  can  be 
determined  by  the  use  of  a  very  simple  formula. 

The  last  year  has  shown  that  there  has  been  more  activity 
amongst  the  Fellows  of  the  Society  in  original  researches  and  in 
the  practical  employment  of  the  Microscope. 

Mr.  Michael  has  continued  his  most  interesting  and  valuable 
work  on  the  Oribatidae,  and  now  science  has  the  advantage  of 
much  correct  knowledge  regarding  the  anatomy  of  this  interesting 
group. 

Dt.  Hudson,  pursuing  his  admirable  researches  amongst  the 
Botifera,  has  added  three  new  and  very  remarkable  species  of  the 
exquisite  genus  Floseularia  to  natural  history.  Most  of  us 
recollect  the  first  Floscularias  that  we  ever  saw :  how  out  of  a  dull 
looking  indefinite  lump  a  projection  appeared,  and  how  long, 
slender,  apparently  never  ending,  threads  grew  on ;  how  these 
slender  threads  radiated  from  certain  spots  and  seemed  as  rigid  as 
bristles ;  and  how  this  most  delicate  creature  possessed  rotifer-like 
jaws,  and  how  the  whole  gradually  retracted,  and  as  it  were  turned 
itself  in.  Some  of  Dr.  Hudson's  new  forms  depart,  however,  consi* 
derably  from  the  common  type  of  Floscvlaria.  His  Flosevlaria 
hoodii  (hoodii  by  name,  cucullatus  by  nature !)  is  the  largest  of  all 
the  rotifers,  has  only  three  lobes  and  possesses  two  remarkable 
flexible  processes  placed  one  on  each  side  of  the  summit  of  the 
dorsal  lobe.  These  have  been  carefully  studied  by  Dr.  Hudson, 
because  their  antenna-like  appearance  is  striking.  He  did  not  fiind 
the  slightest  trace  of  setae  in  connection  with  these  processes.  They 
appear  to  be  hollow,  and  to  communicate  with  two  sub-spherical 
spaces  lying  between  the  two  surfaces  of  the  dorsal  lobe.  Fine 
muscular  threads  pass  down  and  across  them,  and  the  animal  can 
contract  and  expand  each  independently  of  the  other  and  throw 
them  into  all  kinds  of  positions.  The  upper  end  of  each  seems 
to  be  separated  partly  from  the  remainder  oy  a  constriction,  from 
which  a  muscular  thread  runs  down  to  the  base.  These  movable 
processes  do  not  both  project  invariably  when  protrusion  of  the 
animal  occurs  from  its  case,  and  they  appear  to  discharge  a  granular 
matter.  There  is  a  point  of  interest  also  in  the  lon^  filamentous 
setae.  Dr.  Hudson  states  that,  the  thickened  rim  of  the  three  lobes 
carries  a  double  fringe  of  setae,  set  just  as  they  are  in  F.  trifolitmig 
the  larger  row  stretching  outwards  and  the  smaller  inwards ;  and 
he  has  on  several  occasions  seen  a  rapid  flicker  run  all  along  the 
smaller  setae,  not  constant  or  regular  enough  to  produce  the  pheno- 
mena of  "  rotation,"  but  still  a  very  obvious  motion  of  each  separate 
seta.  The  ^pe  of  the  mouth-funnel  of  this  rotifer  alters  constantly 
and  closes  oy  means  of  its  many  muscular  thread&    It  has  two 
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pale  pink  eyee  and  the  contractile  Yesicle  is  large  and  plain  and 
contains  a  duster  of  yellow  globules. 

It  is  to  be  hoped  that  Dr.  Hudson  will  continue  to  investigate 
this  most  remarkable  form.  Another  species  discovered  and  de- 
scribed by  Dr.  Hudson  is  Floscularia  amhigua  which,  he  says,  is 
the  least  elegant  of  all  the  species,  being  broad  and  stumpy  and 
trilobed.  It  is,  however,  allied  to  F,  hoodii  in  some  points, 
and  its  curious  habits  compensate  for  its  inelegance.  Mr.  Hood 
writes :  "  This  Floscule  is  not  a  beauty,  but  what  it  wants  in  grace 
it  gains  in  interest,  for  it  is  most  amusing  to  watch  it  feeding.  As 
soon  as  it  has  fully  expanded  its  large  head,  infusoria  of  various 
species  may  be  observed  to  be  drawn  swiftly  down  the  large  cavity 
formed  by  the  lobes.  The  inward-setting  current,  thus  formed  by 
the  cilia  at  the  base  of  the  cavity,  seems  to  be  stronger  in  this 
species  than  in  the  others,  for  large  animalcules,  such  as  Kolpoda 
and  Paramecium,  and  even  free-swimming  rotifers  will  often  fall 
victims  to  this  big,  burly  and  voracious  creature.  It  has  an 
insatiable  appetite ;  I  have  frequently  seen  the  young  of  (Ecistes 
pilula  and  (Ecistes  umheUa  devoured  by  it,  the  young  of  the  large 
rotifers  making  even  less  resistance  than  the  infusoria.  It  is  not 
purely  carnivorous,  for  the  young  of  Volvox  fflobator  fidl  a  prey. 
Whenever  it  has  got  a  victim  within  its  great  mouth-fnnnd, 
there  is  no  possibility  of  its  making  its  escape ;  although,  with  a 
full  stomach,  F.  amhigua  seems  inclined  to  play  with  its  prey  as  a 
cat  would  with  a  mouse,  allowing  it  to  swim  about  within  the 
funnel,  and  to  try  and  escape  over  the  margin.  Whenever  the 
animalcule  approaches  the  seti^erous  rim,  a  sharp  stroke  from  one 
or  more  setsB  drives  it  back  mto  the  funnel.  I  have  seen  the 
attempt  to  escape  made  over  and  over  again,  but  always  with  the 
same  result ;  in  no  single  instance  have  I  ever  witnessed  the  escape 
of  a  captive.  No  one  could  credit  the  voracity  of  this  Floscule 
who  had  not  watched  it.  I  have  seen  one  eat  in  half  an  hour  no  less 
than  twenty-four  live  infusoria  of  various  sizes  with  a  young  Botifer 
and  Volvox  now  and  then." 

Dr.  Hudson  notices  that  the  males  of  F.  amhigua  are  hatched 
from  smaller  and  rounder  eg^  than  the  females.  Their  digestive 
organs  and  mastax  are  wantmg ;  the  anterior  portion  of  the  body 
was  transparent,  bearing  a  wreath  of  long  vibratile  cilia  and  two 
red  eye-spots.  Dr.  Hudson  bears  testimony  to  the  variation  in  the 
number  of  the  setigerous  lobes  of  the  Floscules,  and  after  noticing 
that  three  and  five  are  common  numbers,  and  that  five  and  six  in 
the  same  am'mal  is  a  somewhat  doubtful  fisict,  determines  that  a  new 
form,  F.  regalisy  has  seven  lobes,  which  are  knobs  on  festoons,  and 
are  crowded  with  setas. 

Dr.  Hudson  has  also  communicated  a  very  interesting  paper  on 
the  Humped  Botifer,  Asjlandma  Ebbetiborniif  and  has  not  only 
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treated  his  snbject  zoologically,  but  also  morphologically.  Of  the 
male  of  this  species,  Dr.  Hudson  states,  the  whole  range  of  the 
Sotifera  does  not  contain  a  more  curious  or  more  beautifully 
transparent  creature;  it  may  be  1/30  in.  long,  and  is  a  slow 
swimmer ;  yet  it  is  so  transparent  that  it  is  almost  invisible  to  the 
naked  eye.  Under  the  Microscope  it  looks  hke  a  many-pointed 
bubble  of  glass.  This  male  has  no  digestive  organs,  and  nature  in 
compensation  has  given  him  some  stored  material  for  his  nutrition. 
Dr.  Hudson  gives  drawings  of  the  tortuous  threads  and  tags  that 
are  so  constantly  present  in  Eotifers.  He  delineates  the  sper- 
matozoa and  the  central  portion  of  the  ovary  of  the  female  with 
maturing  germs. 

Our  Secretary,  Professor  Bell,  has  given  us  some  accurate  figures 
and  descriptions  of  the  spicules  of  the  body- wall  and  suckers  of  the 
Holothurians  named  Cucumaria  hyndmanni  and  (7.  eatctgera,  and 
in  concluding  his  essay  he  remarked  that  the  greatest  care  is 
required  to  preserve  the  parts  of  typical  specimens  if  they  are  to 
continue  to  be  of  value.  The  spicules  of  one  of  these  species,  C. 
calciffera,  were  carefully  studied  by  my  colleague,  Dr.  Percy  Sladen, 
and  published  in  our  work  on  the  Arctic  Echinodermata.  On  ex- 
amining our  figures,  plate  I.  figa  6,  7,  and  comparing  them  with 
those  of  Professor  Bell,  it  would  appear  that  there  must  be  altera- 
tions proceeding  in  the  spicules  during  the  preservation  of  the 
specimens.  Possibly  the  methods  employed  to  exhibit  the  specimens 
may  modify  them.  The  microscopic  details  in  our  figure  of  a 
small  spicule  in  profile  (fig.  7)  are  more  ample  than  those  in  our 
Journal  (vol.  iii.,  plate  YIIl.,  fig.  2a)  and  it  would  appear  from 
our  figure  (6)  of  spicules  from  the  superficial  layer  in  situ,  that 
there  must  be  variation  in  those,  structures  in  difierent  individuals. 

Mr.  Conrad  Beck  has  described  some  very  interesting  Glado- 
cera  from  the  English  Lakes  in  our  Journal,  and  his  figures  of  them 
are  most  praiseworthy.  It  is  to  be  hoped  that  this  is  bjr  no  means 
the  last  of  his  communications.  He  nas  chosen  a  subject  full  of 
interest  to  the  naturalist  as  well  as  to  the  investigator  of  the  great 
movements  of  the  crust  of  the  earth.  The  relation  which  some  of 
these  Cladocera  bear  to  marine  forms  is  obvious,  and  Lov6n, 
Agassiz,  and  myself  have  pointed  out  their  occurrence  in  positions 
which  indicate  their  entry  oefore  the  country  assumed  its  present 
physical  aspect.  Their  occurrence  in  the  Swiss  and  Norwegian 
takes  is  very  antagonistic  to  the  idea  of  the  excavation  of  these 
areas  by  ice. 

The  DiatomacesB  have  been  the  subject  of  some  very  interesting 
researches.  Methods  of  making  fine  sections  of  these  delicate 
siUcious  bodies  have  been  suggested  and  carried  out  with  some 
success.  It  could  hardly  be  expected  that  a  year  could  pass 
without  some  further  researches  on  the  cause  of  the  movement 
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of  the  diatom  when  free.  The  mechanism  has  not  yet  been 
publicly  demonstrated,  however,  although  some  few  microscopists 
nave  had  the  good  fortune,  under  very  exceptional  circumstances, 
to  see  (or  fancy  they  saw)  external  protoplasmic  movements.  The 
communications  on  this  subject  to  the  different  scientific  journals 
are,  as  is  usual  when  the  subject  is  in  the  non-verifiable  stage,  very 
dogmatic  and  contradictory.  Still  the  homogeneous-immersion  lens 
of  high  power  should  be  the  means  of  determining  the  cause  or 
causes  of  the  movement. 

Our  Journal  has  been  made  more  valuable  during  this 
year  by  the  publication  of  the  very  careful  and  intelligent  re- 
searches of  Messrs.  Morris  and  Henderson  on  Trichophyton  ton- 
surans. They  describe  the  life-history  of  the  fungus  from  the 
sowing  of  the  spore  to  the  branching  of  the  resulting  filaments  on 
the  sixth  to  eignth  day.  Moreover  they  describe  the  aerial  hyphaa 
and  fructification.  Remarking  on  the  difficulties  of  determining 
the  botanical  position  of  the  ringworm  fungus,  on  account  of  the 
frequent  development  of  adventitious  fungi,  Messrs.  Morris 
and  Henderson  endeavoured  to  obtain  a  medium  which  should 
possess  perfect  sterilization  and  should  have  sufficient  consistence 
to  retain  spores  in  a  fixed  position  for  continuous  observation. 
They  came  to  the  foUowiug  conclusions,  illustrating  their  paper  by 
photo-micrographs  (employing  a  1/5  in.  object-glass  of  Beck  and 
an  amplification  of  1000) : — That  the  spores  of  Trichophyton 
tonsurans  grow  freely  on  the  surface  and  in  the  substance  of 
gelatine  peptone  at  from  15°  and  25"^  0.  That  the  mycelium 
only  will  grow  in  the  substance  of  the  jelly,  and  that  the 
hyphae  require  air  to  produce  conidia.  That  the  branching, 
septa-formation,  and  fructification  are  identical  with  those  of 
Penicillium,  That  the  spores  of  the  second  generation  reproduce 
ringworm  on  the  human  skin.  That  outgrowths  resembling  resting 
spores  appear  on  some  of  the  filaments. 

The  red  mould  of  barley  has  been  most  carefully  examined 
and  illustrated  by  Mr.  G.  G.  Matthews,  F.C.S.,  and  published  in 
one  of  the  parts  of  the  Journal.  The  common  coloured  mould 
seen  at  the  germinal  end  of  the  com  was  grown  on  a  large  scale  by 
breaking  up  germinating  barley  with  a  little  water  mto  paste. 
Very  fine  silky  tufts  of  the  red  mould  were  thus  obtained  from 
1/2  to  3/4  in.  in  length  and  nearly  2  in.  in  diameter.  Much  of 
the  red  colouring  matter  was  difiused  amongst  the  plasma  and  the 
hyphaB  were  tinged  with  it,  where  they  sprang  from  the  nutrient 
surfaces,  though  their  extremities  were  colourlesa  The  hyphsB 
gradually  became  interlaced  and  flattened  down  as  a  mass  and  a 
kind  of  sporulation  began  to  be  noticed,  and  pseudo-spores — ^very 
minute  bodies— came  from  the  threads.  They  did  not  appear  to 
develope.    Shortly  after  the  flattening  of  the  hyphse,  a  pink  dust 
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was  seen  here  and  there  on  its  whitish  surface.  This  consisted 
of  clusters  of  crescent-shaped  spores.  They  appear  to  sprout 
from  the  extremities  of  short  hyphae.  From  tnese  crescent-shaped 
bodies,  which  are  spores,  fresn  growths  of  the  mould  could  be 
obtained  by  sowing  on  a  suitable  surface.  The  red  colour  is  the 
matter  surrounding  the  crescent-shaped  spores.  The  mould  holds 
its  own  against  other  kinds,  and  sooner  or  later  swellings  occur  in 
the  threads  of  the  hyphas  and  on  sporangia.  The  contents 
discharge  with  the  application  of  water,  and  the  spherical  spores 
were  sown,  and  they  reproduced  the  red  mould.  The  author 
descnbed  a  similar  mould  on  the  melon. 

I  speculated  in  my  last  address  regarding  the  future  of 
research  into  the  life-history  of  bacilli,  and  the  results  of  the 
work  on  this  subject  during  the  past  year  hare  been  really  most 
wonderful.  Dr.  Kansom  condensed  the  breath  of  phthisical  patients 
and  obtained  bacilli,  rendering  them  visible  by  what  may  be  called 
the  Gibbes  process.  He  found  that  they  were  indistinguish- 
able  from  those  found  in  the  sputa  and  in  tubercle.  It  is  not 
reassuring  to  know  that  bacteria  exist  in  vast  multitudes  in  the 
soil,  but  M.  Miquel  has  shown  that  at  Montsouris  an  avenge  of 
750,000,  in  the  Kue  de  Kennes  1,800,000,  m  the  Rue  Monge 
2,100,000  germs  exist  per  gramme.  Brautlecht  mixed  baked 
sand,  gritty  earth,  and  tolerably  loamy  garden  mould  with  Uquid 
containing  bacteria,  and  covered  the  mixture  with  a  bell-glas&  A 
few  hours  after,  there  were  a  great  number  of  micro-organisms  in 
the  vapour  condensed  under  the  bell-glass,  and  of  the  form  of  those 
contained  in  the  Uquid.  The  sprinkling  of  dry  sand  over  the  earth 
diminished  the  number  of  organisms.  It  is  comforting  to  read 
that  while  rain  is  Mling,  the  number  of  the  bacteria  in  the  air  is 
sensibly  diminished ;  it  increases,  however,  when  the  ground  dries, 
and  diminishes  with  ten  to  fifteen  days  drought.  Miquel  states 
that  at  Montsouris,  the  average  number  of  bacterial  germs  per 
cubic  metre  of  air  is  142  in  autumn,  49  in  winter,  85  in  spring, 
and  105  in  summer.  The  same  author  states  that  the  number  of 
germs  in  hospitals  is  vast,  amounting  in  the  summer  months  to 
an  average  of  5600,  and  in  the  autumn  to  considerably  over 
10,000  per  cubic  metre  of  air. 

The  sensitiveness  to  light  of  Bacterium  pholometricum  is 
accompanied  by  more  remaikable  properties,  for  these  organisms 
accumulate  in  media  in  positions  where  the  invisible  ultra  red  rays 
of  the  spectrum  penetrate.  The  influence  of  light  on  the  develop- 
ment of  bacteria  has  been  shown  in  the  instance  of  Bacterium 
termo  to  be  remarkable.  Direct  sunUght  kills  bacteria,  dijBused 
sunlight  does  not;  but  this  statement  has  to  be  qualified,  for 
Jamieson  discovered  that  temperature  has  to  do  with  the  matter, 
and  that  at  moderate  and  low  temperatures  direct  sunlight  does  no 
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harm  to  the  organisms.  Direct  sunlight  and  air,  by  drying  np 
bacteria,  destroy  them.  Some  bacilli,  those  of  anthrax  for  instance, 
which  exist  in  serous  matter  from  anthrax  tumours,  may  be  dried  at 
a  temperature  of  32°  C.  =  89°  •  6  P.,  and  then  exposed  to  100°  C.  = 
212°  F.  It  is  stated  that  not  only  do  the  organisms  resist  heat, 
but  become  able  to  resist  antiseptic  agents.  They  do  not,  however, 
appear  to  act  as  definitely  as  before,  but  they  produce  modified 
anthrax.  Following  on  these  results,  those  of  M.  Ghauveau  are 
yery  interesting.  He  mixed  a  sterilized  infusion  of  meat  with  the 
blood  of  cattle  disease,  and  placed  the  mixture  first  in  a  tempe- 
rature of  42-43°  C,  and  then  to  47°  C.  It  appeared  subsequently 
that  although  the  vital  activity  of  the  bacillus  was  not  interferea 
with,  its  capacity  for  acting  as  a  disease-producer  was  destroyed. 

One  of  the  most  suggestive  observations  on  bacteria  has  been  that 
which  indicates  that  they  act  as  starch  and  diastase  in  the  absence 
of  other  carbon  nutriment,  and  that  the  action  on  starch  is  effected 
by  a  ferment  secreted  by  them,  and  which  like  diastase  is  soluble 
in  water,  but  precipitable  by  alcohol.  This  ferment  acts  as  diastase, 
changing  the  starch  into  a  sugar  capable  of  reducing  cupric  oxide, 
but  not  possessed  of  peptonizing  properties.  It  is  to  be  hoped 
that  after  all  this  searching  after  bacteria  and  after  these  recondite 
experiments  have  been  conducted  over  again,  that  some  definite 
study  of  the  bacteria  of  a  locality  where  such  diseases  as  ague 
prevail  will  be  undertaken.  The  whole  history  of  the  dis^Lse 
points  to  a  bacterian  origin,  and  there  should  be  no  difficulty  in 
examining  the  secretions  with  a  view  of  thoroughly  investigating 
the  organism. 

A  paper  lately  read  before  the  Eoyal  Society  proves  that  solu- 
tion of  quinine  is  £atal  to  certain  bacteria,  even  to  those  of  phthisis, 
and  the  well-known  influence  of  that  drug  over  ague  should 
stimulate  therapeutists  to  investigation. 

There  have  been  two  communications  to  the  Society  on  special 
methods  of  preserving  delicate  organisms  for  the  use  of  the 
Microscope,  which  are  of  exceptional  interest  and  value.  Mr. 
Lovett  has  explained  his  intelligent  method  of  using  what  he 
properly  calls  a  judicious  admixture  of  various  proportions  of 
alcohol,  glycerine,  and  water  to  Haentsche's  fluid,  which  consists 
of  alcohol  absolute  3  parts,  pure  glycerine  2  parts,  and  1  part 
distilled  water.  Limnoeodium  Sotverhiiy  the  wonderful  medusoid 
which,  living  in  fresh  water  at  85^  Fahr.,  is  such  a  marvel  so 
far  as  its  ongin  is  concerned,  has  become  preservable,  thanks  to 
Mr.  Squire's  weak  solution  of  bichloride  of  mercury.  There  is 
no  doubt  that  this  medium  will  be  further  employed.  Mr.  Saville 
Kent  has  suggested  the  use  of  weak  solutions  of  potassic  iodide 
for  preserving  infusoria,  and  Mr.  Waddington  has  contributed  a 
paper  on  the  use  of  tannin  in  showing  infusoria. 
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It  is  a  matter  of  great  congratulation  that  the  Society 
maintains  its  character  at  home  and  abroad  as  a  osefol  and  truly 
scientific  institution.  There  is  no  doubt  that  great  progress  has 
been  made  in  microscopical  science  during  the  last  few  years  and 
that  the  communications  read  before  this  Society,  the  recorded 
debates  and  their  influence  on  our  large  and  increasingly  important 
number  of  Fellows  haye  assisted  in  this  satisfactory  s^te  of  things. 
The  Society  may  take  the  credit  of  haying  now  completely 
eradicated  the  old  and  yery  erroneous  notions  regarding  what  was 
called  "  angular  aperture/  and  of  haying  disseminated  and  estab* 
lished  the  knowledge  of  aperture  in  its  correct  signification  and  the 
use  of  the  "numerical  aperture"  notation.  The  first  term  has, 
indeed,  almost  ceased  to  be  employed  by  adyanced  microecopists. 
The  homogeneous-immersion  principle  has  been  deyeloped  ana  the 
media  which  haye  been  proyed  to  be  so  yaluable  haye  originated 
with  Fellows  of  the  Society  and  haye  been  recorded  m  the 
Journal. 

I  feel  a  sensation  of  some  pride  that  I  should  be  able  to  hand 
oyer  the  presidency  of  this  Society  in  the  midst  of  its  useful  and 
prosperous  career  to  an  obseryer  of  the  highest  dass  of  excellenoOy 
whose  success  has  been  assured  by  the  employment  of  the  instru- 
ment which  has  been  largely  perfected  by  the  intellectual  and 
mechanical  gifts  of  Fellows  of  this  Society.  I  may,  I  trust, 
(without  the  least  desire  to  stop  the  particular  physical  and  mathe- 
matical tendencies  of  many  of  our  Fellows)  urge  the  great  number 
of  good  obseryers  of  nature  amongst  us  to  be  stimulated  by  the 
yery  yaluable  reports  of  the  researches  on  the  structures  of  the 
inyertebrata  and  plantsB,  which  appear  in  the  Journal — a  com- 
pendium of  which  the  Society  may  justly  be  proud — to  undertake 
work  which  may  come  before  their  future  President  and  receiye 
his  criticism.  In  fact  it  may  be  hoped  that  that  excellent  Journal 
will  contain  more  records  of  the  labours  of  the  Fellows  of  the 
Society. 

In  the  proceedings  of  all  great  Societies  there  are  occasions 
when  congratulations  and  l^e  desire  for  future  usefulness  haye  to 
giye  place  to  yery  opposite  expressions.  Men  toil  and  pass  away, 
and  others  enter  into  their  labours. 

The  present  occasion  is  no  exception  to  the  rule.  We  haye  to 
deplore  the  loss  of  three  great  practical  opticians,  two  of  them  being 
microscopists  of  the  highest  renown.  One  had  attained  an  age  far 
beyond  that  which  is  usually  noticed  amongst  men  who  haye 
laboured  with  head  and  hand,  and  on  looking  back  at  his  life  it 
must  be  admitted  that  by  his  means  an  immense  amount  of 
intellectual  pleasure  was  giyen  to  the  world,  and  a  great  amount  of 
exact  knowledge  has  been  consolidated. 

For  fifty  years  the  name  of  Powell  has  been  a  household  word 
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amongst  microsoopists,  and  now  it  remams  only  to  the  sons  of  the 
late  Mr.  Hugh  Powell.  The  distinguished  man  whose  name  I  ha?e 
just  mentioned  was  amongst  the  first  of  the  Fellows  of  this  Sodety, 
and  long  before  the  year  1840,  he  had  become  celebrated  for  his 
microscope-stands  and  lenses.  His  name  will  always  be  remembered 
as  that  of  a  designer  and  maker  of  first-class  high-power  objectiYes, 
and  as  a  conscientious  maker  of  the  ordinary  powers.  The  follow- 
ing obituary  notice  has  been  already  published^  and  it  expresses  the 
merits  of  Mr.  Powell : — 

"  In  1834  he  was  awarded  a  silver  medal  by  the  Society  of  Arts 
'  for  a  stage  for  a  Microscope.'  In  1840  he  succeeded  in  making 
an  achromatic  object-^Iass  of  1/16  in.  focal  length,  which  the  late 
Professor  Quekett,  in  his  treatise  on  the  Microscope,  stated  was  '  the 
first  that  had  been  seen  in  this  country ' ;  and  in  1841  the  Society 
of  Arts  awarded  him  a  silver  medal  'for  his  mode  of  mounting 
the  body  of  a  Microscope.'  Mr.  Powell  was  the  first  optician  in 
England  to  construct  object-glasses  on  Amici's  '  immersion '  system. 
A  1/25  in.  was  made  by  Mr.  Powell  in  1860,  a  1/50  in.  was  per- 
fected in  1864,  and  a  1/80  in.  in  1872.  The  more  recently  de- 
veloped formula  of  the  '  homogeneous  immersion '  system  was  the 
subject  of  special  attention  on  the  part  of  Mr.  Powell  and  his 
brother-in-law  and  partner,  Mr.  Lealand,  but  failing  hedth  com- 
pelled him  to  rely  upon  the  efibrts  of  his  son,  by  whom  object- 
glasses  on  this  formula  having  the  highest  apertures  on  record 
have  been  constructed.  Mr.  Powell  was  among  the  earliest  on  the 
roll  of  Fellows  of  the  Society  at  its  foundation  in  1840." 

Microscopical  science  has  also  to  deplore  the  death  of  a  very 
able  and  most  distinguished  practical  optician  in  the  United 
States.  Mr.  Bobert  B.  Tolles  has  left  a  name  in  America  and 
Europe  which  vnll  always  be  mentioned  with  respect.  He  was  a 
skill^  objective-maker  of  the  first  class,  and  like  most  men  of  his 
mental  and  artistic  calibre  was  a  quiet  and  unassuming  gentleman. 
Tolles  was  always  ready  to  avail  himself  of  discoveries  and  seized 
at  once  upon  the  value  of  the  lenses  with  large  numerical  apertures, 
and  he  also  speedily  availed  himself  of  the  improvements  of  the 
homogeneous-mmiersion  principle.  He  was  not,  as  one  of  his 
friendly  biographers  states,  entitled  to  the  credit  of  showing  the 
practicabiUty  of  this  system.  It  was  Amici,  Stephenson,  and  Abbe, 
as  I  stated  in  my  first  Presidential  Address,  who  estabUshed  the 
homogeneous-immersion  system.  Tolles,  however,  developed  the 
apertures  of  high-power  objectives  and  produced  admirable  results, 
being  the  first  to  manufacture  combmations  of  lenses  of  high 
amplification  and  suited  to  the  immersion  system  in  America. 

The  last  obituary  notice  relates  to  Henry  Dallmeyer,  who 
was  so  well  known  in  the  sister  sciences  of  astronomical  and 
photographic  optics.      Mr.   Dallmeyer   left  Germany  in   1849 
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and  came  to  England,  entering  the  house  of  the  late  Andrew  Boss, 
the  founder  of  the  weU-known  optician's  business  bearing  his 
name.  Mr.  Dallmeyer's  attention  was  at  first  devoted  principally 
to  the  construction  of  astronomical  telescopes,  for  which,  in 
conjunction  with  Mr.  Boss,  he  computed  a  large  number  of 
formulsB.  At  his  death,  Mr.  Boss  bequeathed  to  Mr.  DaUmeyer 
the  bulk  of  his  optical  appliances  for  the  manufacture  of  telescopes. 
About  this  date  (1855)  photography  began  to  be  popularized  by 
the  general  adoption  of  the  collodion  procesa  Mr.  Dallmeyer 
quickly  discovered  that  the  photographic  lenses  then  in  use  stood 
in  ^eat  need  of  improvement  in  every  direction.  In  rapid  suo- 
oession  he  produced  lenses  for  landscape  and  portrait  photography, 
and  it  is  greatly  owing  to  his  efforts  tnat  Enghsh  lenses  now  rank 
second  to  none.  He  was  specially  conmiissioned  to  provide  several 
of  the  telescopes  and  photographic  appliances  used  by  the  different 
Government  expeditions  for  the  observation  of  the  recent  transit 
of  Yenus,  and  his  telescope  object-glasses  are  in  high  repute  among 
the  leading  astronomers.    Mr.  Dallmeyer  died  at  the  age  of  53. 

One  more  duty  falls  upon  me,  and  it  is  a  very  pleasurable  one. 
I  have  to  thank  the  Fellows  of  the  Society  for  tne  consideration 
they  have  shown  me  during  my  three  years  of  oflSce,  and  for  the 
manner  in  which  they  have  borne  with  my  shortcomings.  In 
taking  leave  of  you  as  your  retiring  President  I  do  most  sincerely 
congratulate  you  on  the  accession  of  Mr.  Dallin^er  to  the  presi* 
dential  chair,  a  position  for  which  his  great  scientific  reputation  so 
thoroughly  recommends  him. 


8er.  2.— Vol.  IV. 
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V. — On  ilie  Mineral  Cijprusite. 
By  JuuBN  Deby,  C.E.,  r.R.M.S. 

CRead  Uth  November,  1883.) 

In  November  1881,  Dr.  Paul  Reinsch,  throngh  Professor  Stokes, 
communicated  to  the  Boyal  Society  a  note  on  a  mineral  to  which 
he  gave  the  name  of  Cyprusite,  of  which  he  had  brought  back  to 
Erlangen  a  small  specimen  on  his  return  from  Cyprus. 

Having  myself  hod  the  opportunity  of  visiting  the  same  r^on 
of  country  during  the  present  summer,  I  took  advantage  of  it  to 
collect  numerous  specimens  of  this  substance,  from  many  different 
locaUties. 

Believing  that  further  observations  relating  to  this  cyprusite 
may  prove  of  interest  to  petrological  microscopists  and  others,  I 
have  drawn  up  a  short  noto  summing  up  the  further  history  of 
this  curious  natural  product,  the  result  of  my  own  investigations. 

The  cyprusite  is  found  in  the  shape  of  rocks,  forming  several 
bold  superficial  parallel  outorops  of  rather  irregular  longitudinal 
outline,  running  in  a  direction  north-west  to  south-east  in  the 
district  of  Chrysophou,  in  the  north-west  portion  of  the  island  of 
Cyprus,  and  mostly  distributed  over  the  mountainous  territory 
comprised  between  the  villages  of  Poli,  Lisso,  and  Eynussa.  These 
outorops  extend  in  some  cases  several  hundred  yards  in  length, 
with  a  width  oscillating  irregularly  between  30  to  100  jHida. 
Their  colour  varies  from  a  pale  dirty  yellow  to  a  bright  cinnabar 
red,  with  all  intermediate  tints. 

The  texture  of  the  rock  varies  from  a  quite  soft  friable  con- 
sistency, falling  to  dust  between  the  fingers,  to  a  quite  hard  and 
compact  rock     The  former  or  softer  variety  is  the  most  abundant. 

A  careful  geological  examination  shows  that  the  cyprusite 
is  imbedded  in  plutonic  rocks,  melaphyres,  and  wakes,  containing 
occasionally  zeolites,  it  occupying  wide  crevices  in  these  eruptive 
rocks,  which  latter  have  forced  their  way  in  vast  masses  through 
the  stratified  tertiary  fossiliferous  limestones  of  the  country. 

The  present  height  above  the  sea  of  the  cyprusite  deposits 
varies  from  350  to  1200  feet,  the  distance  of  the  same  to  the  north 
coast  of  the  island  in  a  straight  line  varying  from  three  to  six  miles. 
The  principal  deposits  are  situated  on  the  right  bank  of  the 
Ballahusa  nver,  and  below  the  village  of  Kynussa. 

Having  noticed  that  wherever  cyprusite  outorops  were  to  be 
seen  traces  of  ancient  mining  and  heaps  of  old  slags  were  also  to 
be  discovered  in  the  vicinity,  and  that  the  old  workings  pene- 
trated in  many  places  into  the  hill-sides  below  the  yellow  masses, 
I  came  to  the  conclusion  that  the  cyprusite  knobs  and  blufis  formed 
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the  outcrop  (''gossan/'  as  Cornish  miners  would  call  it)  of  the 
copper  lodes  so  celebrated  in  the  times  of  remote  antiquity.  A 
further  investigation  has  led  me  to  the  belief  that,  at  a  certain 
depth,  the  cyprusite  is  replaced  by  iron  pyrites,  and  that  lower 
down  still  these  pyrites  become  cupreous,  and  that  these  constituted 
a  portion  of  the  mineral  which  was  worked  by  the  Phoenicians^ 
Greeks,  and  Bomans  in  the  island  of  Cyprus. 

I  observed  in  several  places  below  the  cyprusite  the  efflo- 
rescences mentioned  by  Dr.  Iteinsch;  their  composition  is  as 
follows : — 

Insoluble  in  water 4*88  per  oent. 

Copper        0*45        „ 

Iron      none 

Alumina      17*70        „ 

Bnlphuric  Add 35*19        „ 

Water  of  cryetallizatlon 39*00        „ 

Total       ..      ..     97*22        „ 

This  mineral  had  a  whitish,  slightly  greenish  tinge  and  semi- 
crystalline  structure,  and  looked  exactly  like  weathered  sulphate  of 
iron.  It  consists,  however,  essentially  of  sulphate  of  alumina 
(nearly  2  Ala  O3  •  5  SO3  +  25  H^  0)  coloured  by  copper. 

The  cyprusite  was  submitted  for  complete  analysis  to  my  friend 
Henry  Fulton,  Es(j.,  the  late  well-known  and  able  chemist  to  the 
Bio  Tinto  Company,  now  of  Aguilas,  Spain,  to  whose  kindness  I 
am  indebted  for  the  greater  part  of  the  chemical  determinations 
in  the  present  communication. 

A  Srst  experiment  consisted  m  simnly  drying  the  minend  to 
from  100  to  115  degrees  Centigrade,  when  shght  vapours  which 
coloured  htmus  blue  were  given  oflf.  Another  portion  was  next 
submitted  to  a  red  heat  in  a  platinum  crucible  for  six  hours,  until 
the  fumes  ceased  to  colour  Utmus  paper,  when  it  was  found  by 
analysis  that  17*19  per  cent,  of  sulphuric  acid  had  been  given  o£ 
At  the  same  time  the  colour  had  passed  from  yellow  through  bright 
red  to  a  dark  purple. 

The  average  of  several  carefully  made  analyses  of  the  yellow  or 
tvpical  and  most  abundant  variety  of  cyprusite,  after  separation  of 
the  insoluble  portion,  which,  as  we  shall  see,  does  not  enter  into 
the  chemical  composition  of  the  mineral,  was  found  to  be  :— 

Ferric  oxide,  Foj  O, 49*68  per  cent 

Alnmina,  Ala  O,        3*89        „ 

Sulphuric  acid,  SO, 35*34        „ 

Water,  H,0      11*06       „ 


Total       ..     ..     99*97 


»» 


The  mineral  is  thus  seen  to  constitute  a  normal  sulphate  of 
alumina  with  anhydrous  ferric  tribasic  sulphate^  the  whole  having 
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the    formula,    Al^  O3  .  3  SO3  +  18  H^  0  +  8  (Fej  O3  .  SO3),    the 
theoretical  composition  of  which  would  be  as  follows : — 

Ferric  oxide,  Fe,  O, 49-47  per  cent 

Alumina,  Al,  O,        3*98        „ 

Snlphuric  acid,  80, 34  00 

Water,  H,0       1252 


Total        ..      ..     99-97 


»» 


differing  from  the  result  of  Dr.  Reinsch's  essay,  as  published  by 
him  in  the  *  Proceedings  of  the  Royal  Society '  for  I80I,  No.  217. 

The  most  interesting  facts  connected  witli  the  cyprusite  are, 
however,  revealed  by  a  careful  microscopic  examination  of  the 
mineral  It  is  then  found  to  consist  of  a  loose  to  compact  aggregate 
of  very  minute,  translucent,  very  slightly  coloured  crystals,  the 
microscopic  "  projection  "  of  which  is  generally  more  or  less  regu- 
larly hexagonal.  These  crystals  vary  in  diameter  from  1/120  to 
1/300  of  a  millimetre  =  8-30/Ato3-32/A  =  0-  00032  of  an  inch 
to  0  '00013  of  an  inch.  These  are  entirely  soluble  in  hydrochlorio 
acid,  but  insoluble  in  water. 

Calcining  converte  these  crystals  into  an  opaque  substance, 
vhich  genenUy  retoins  the  preTions  outline. 

Crystals  are  frequently  round  irregularly  formed,  as  also  occa- 
sionally compound  or  tmn-crystals.  Under  the  polariscope  the 
micro-crystala,  if  examined  dry  or  immersed  in  water,  would,  by  a 
superficial  examination,  be  taken  for  isometric,  an  appearance 
which  is  due  to  the  hexagonal  disks,  all  presenting  this  same  face 
towards  the  optical  axis  of  the  instrument,  but  if  mounted  in  thick 
balsam  so  as  to  Ue  in  various  positions  to  the  observer,  they  are 
found,  small  as  they  are,  to  be  beautifully  anisotropic,  the  hexagonal 
sections  alone  remaining  obscure  under  the  crossed  Nicols,  so  that 
the  crystalline  system  may  be  safely  laid  down  as  rhombohedral  or 
hexagonal.  This  determination  is  further  supported  by  the  fact 
that  some  of  the  larger  crystals  seem  to  present  apical  modifications 
which  are  multiples  of  three. 

It  will  be  remembered  that  the  ordinary  alums,  as  also  copperas, 
crystallize  in  the  monometric  system,  so  that  cyprusite  seems  to 
constitute  a  really  good  and  distinct  mineral  s^ies. 

I  may  add  that  cyprusite  is  insoluble  in  water,  and  that 
analysis  has  failed  to  detect  in  it  either  lime  or  magnesia.  The 
specific  gravity  is  1  *  8.  Completely  immersed  in  this  bed  of  minute 
crystals  of  cyprusite  are  to  be  found  scattered  numerous  sUicuyas 
organic  remains  (non-polarizing)  to  the  extent,  on  an  average,  of 
about  16*90  per  cent,  of  the  whole  bulk,  along  with  a  very  few 
small  grains  of  quartz  sand,  which  last  are  readily  distmguishable 
under  the  micro-polariscope. 

The  Microscope  shows  that  these  silicious  organic  remains, 
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invisible  to  the  naked  eye,  consist  of  the  skeletons  of  marine 
polycistins  (Eadiolaria)  in  a  tolerable  state  of  preserrationy  along 
with  many  smaller  debris  of  the  same,  as  also  of  a  few  sponge 
spicules,  but  I  could  discover  no  diatoms  among  them. 

The  cyprusite  polycistins  belong  principally  to  the  group  com- 
prising \he  Ediosphmridee,  but  a  curious  elongate  conical  form  of 
a  Polycyrtida  is  not  uncommon  in  the  deposit  as  well  as  repre- 
sentatives of  some  other  families.  The  insoluble  residue  of  the 
mineral  after  treatment  by  acids  consists  almost  entirely  of  these 
organic  remains.  Ehrenberg's  and  Haeckels  works  not  being  at 
my  disposal  at  my  present  residence  in  Spain,  I  cannot  determine 
the  species  nor  even  the  genera  of  these  Badiolaria,  nor  can  I 
establidi  if  these  forms  are  still  living  in  the  present  surrounding 
seas.  I  must,  in  consequence,  leave  this  work  for  others  better 
situated,  and  to  whom  I  will  be  glad  to  communicate  the  necessary 
material  on  appUcation. 

One  thing  is  certain,  namelv,  that  at  one  time  or  another,  the 
cyprusite  beds  must  have  existed  under  the  level  of  the  sea. 

The  origin  of  the  cyprusite  is  a  subject  of  some  difficulty,  and 
lies,  to  a  certain  extent,  within  the  realms  of  scientific  speculation. 
Its  chemical  production,  as  well  as  its  geological  genesis,  may, 
however,  I  believe,  be  explained  theoretic^y  by  reference  to  the 
following  considerations : — 

It  is  well  known  that  a  solution  of  a  ferrous  sulphate,  exposed 
to  the  air,  undergoes  oxidation.  According  to  F.  Muck,*  in  the 
earlier  st^es  of  the  oxidation,  the  solution  contains  normal  ferric 
sulphate  FcaOs.S SO3,  and  even  free  sulphuric  acid,  but  ultimately 
the  basic  salt  Foa  O3 . 2  SO3  distinguished  by  its  deep  brown  colour. 
At  the  same  time  the  deposit  becomes  progressively  richer  in  acid, 
without,  however,  attaining  the  composition  2  Fcj  O3 . 3  SO3  assigned 
to  it  by  Wittfitein.t 

The  products  of  the  oxidation  vary  with  the  continually  changing 
composition  of  the  solution,  and  cannot  therefore  be  reduced  to  any 
simple  expression.  As  a  rule,  ferric  sulphates,  occurring  as  natural 
proaucts,  are  partly  precipitates  of  this  kind,  and  partly  dried  up 
mother-liquors. 

The  iribasio  ferric  sulphaie  Fea03.S03  =  Fcj (804)3  2 Fcj 0, 
is  produced  artificially  as  a  reddish  yellow  powder,  containing  about 
3  at  water,  by  dissolving  the  basic  double  salts  of  potassic  sulphate 
and  sesquibasic  ferric  sulphate  in  water,  and  heating  the  somtion 
(Soubeiran). 

If  potash  or  soda  be  added  to  a  concentrated  solution  of  ferric 
sulphate  till  the  precipitate  no  longer  redissolves,  the  filtered  solu- 

*  Jonrn.  Pr.  Chem.,  xdz.  p.  103 ;  Jahre^b.  1866,  p.  241. 
t  B«p.  Pharm.  [3]  i.  p.  185. 
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tion  yields  by  spontaneous  evaporation  olive  green  or  yellow  six- 
sided  tables  of  the  basic  salt  (Fe^  O3 . 2  SO3)  2(K20 .  SO3)  6  H2O 
(Mans). 

It  is  also  well  known  that  ferric  sulphate  is  easily  formed  by 
oxidation  in  the  air  of  ferrous  sulphate,  and  that  this  latter  is  fre- 
quently produced  naturally  from  pyrites  through  the  agency  of  air, 
hght,  neat,  and  moisture.  While  the  oxidation  of  ferrous  sulphate 
is  in  progress,  ferric  oxide  is  precipitated. 

Tnis  ferric  oxide  is  soluble  in  tne  simultaneously  produced  ferric 
sulphate,  giving  rise  to  a  series  of  basic  ferric  sulphates  which  are 
more  or  less  insoluble,  and  most  of  which  have  been  but  little  and 
very  imperfectly  studied  by  chemists. 

From  what  we  have  just  stated,  it  is  clear  that,  beginning  with 
a  solution  of  ferrous  sulphate  and  submitting  it  to  oxidation  under 
varying  circumstances,  almost  any  of  the  possible  basic  ferric  salts 
may  be  produced.  If  we  begin  with  a  lode  of  superficial  deposit  of 
iron  pyntes,  exposed  to  the  action  of  air  and  moisture  (preferably 
warm),  and  situated  at  such  a  distance  from  the  sea  and  at  such 
an  altitude  that  the  escaping  drainage  from  the  lode  would  have 
sufficient  fall  and  sufficient  distance  to  travel ;  or  if  it  be  collected 
into  a  pool  or  lake  so  as  to  allow  its  ferrous  salts  to  be  more  or  less 
perfectly  converted  by  long  exposure  into  ferric  salts,  we  have  all 
that  is  required  to  explain  the  formation  of  such  a  basic  sulphate 
as  that  of  the  mineral  cyprusite.  It  is  true  that  the  mmeral 
contains  sulphate  of  alumina,  but  I  am  inclined  to  consider  this 
rather  as  an  accidental  admixture.  Most  of  the  surrounding  rocks 
are  highly  aluminous,*  and  from  the  fact  that  on  the  ground,  at  a 
short  distance  from  and  lower  down  than  these  deposits  of  cyprusite, 
there  occur  great  incrustations  or  efflorescences,  as  noticed  by  Dr. 
Beinsch  and  myself,  of  soluble  sulphate  of  alumina,  one  can  scarcely 
doubt  that  this  soluble  salt  is  being  slowly  dissolved  out  of  the 
cyprusite  deposit,  leaving  behind  the  insoluble  tribasic  ferric 
sulphate,  admixed  with  organic  silica.  The  further  fact  that 
vanous  specimens  of  the  cyprusite,  analysed  by  Mr.  Fulton, 
contained  varying  proportions  of  alumina  and  sulphuric  acid  con- 
firms this.  The  sulphate  of  alumina  probably  at  first  came  there 
by  spontaneous  evaporation  of  the  mother-liquors  after  the  up- 
heaval of  the  bed,  or  the  drying  up  of  the  stream  or  deposit  m 
which  it  had  collected. 

We  have  therefore  only  to  imagine  at  first  a  stream  of  water 
issuing  or  oozing  from  a  pyrites  lode,  and  carrying  with  it  in 
solution  the  products  of  decomposition  of  the  lode  and  its  walls, 

*  An  analysis  of  the  compact  dolerite  or  melapliyre,  often  altered  into  wake, 
of  this  region,  gives  54*90  per  cent  of  silica,  26 '19  per  cent,  of  alumina,  and 
14*53  per  cent  of  peroxide  of  iron  as  its  composition.  The  percentage  of 
alumina  is  higher  than  in  any  other  rook  of  this  class  known  to  me. 
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ferrous  snlphate  with  aluminic  sulphate.  As  the  solation  passed 
over  the  rocks,  or  lay  exposed  in  sitUy  the  ferrous  sulphate  would, 
under  the  actinic  influence  of  warm  sunshine,  be  more  or  less  com- 
pletely converted  into  ferric  sulphate,  depositing  at  the  same  time 
hydrated  ferric  oxide.  This  latter,  acted  upon  by  the  mixed  solution 
of  ferrous  and  ferric  sulphates,  will  readily  form  any  or  all  of  the 
possible  basic  ferric  sulphates. 

Looking  at  the  cyprusite  from  a  geogenetic  aspect,  we  must 
admit  that  depression  below  the  level  of  the  sea  and  subsequent 
upheaval  at  a  later  period  must  have  taken  place  to  explain  its 
present  situation  and  its  contained  marine  organic  remaina 

Possibly  great  fissures,  corresponding  to  the  position  of  the  lodes, 
may  have  previously  existed  in  the  estuaries  of  streams  or  bottoms 
of  small  lakes  or  pools.  These,  for  a  long  time,  may  have  been  in- 
accessible to  the  sea  and  to  the  marine  polycistins  (Radiolaria),  and 
the  ferrous  and  ferric  sulphates  may  have  been  subjected  to  the 
reducing  action  of  organic  matter,  restoring  them  to  their  original 
form,  disulphide  of  iron,  which  would  be  deposited  in  the  fissures. 
Once  the  fissures  were  so  filled  up,  geological  depressions  may  have 
admitted  the  sea  with  its  hving  organisms,  and  tnus  entirely  altered 
the  conditions.  The  reducing  agent  being  removed,  the  basic  ferric 
sulphates  would  be  deposited  above  the  pyrites,  and  the  polycistins, 
poisoned  by  the  soluble  salts  of  iron  and  alumina,  would  supply 
the  existing  organic  silica. 

The  fiact  of  the  cyprusite  occupying  only  the  upper  portion  of 
the  deposit  is  attributable  te  the  fact  that  alteration  of  the  lode 
had  omy  progressed  te  a  limited  extent  at  the  time  of  its  sub- 
mersion. 

The  formation  contains  tens  of  thousands  of  tons,  and  is 
certainly  a  very  remarkable  one  in  every  respect.  It  seems  unique 
of  its  kmd  in  the  world,  and  deserves  a  more  complete  study  tnan 
I  could  bestow  upon  it  in  a  flying  mule-back  visit  to  the  Ghry- 
Bophou  district  during  the  hottest  and  most  trying  period  of  the 
year,  and  while  engaged  on  professional  work.* 

*  I  forward  a  few  slides  of  cyprusite  for  the  cabinet  of  the  Sodetv,  prepared 
for  miorofioopical  oxamlnation,  as  well  as  some  slides  of  the  insolnble  residae 
after  treatment  with  acids,  snowing  the  polycistins;  also  some  of  the  cmde 
material  as  well  as  some  of  the  organic  silica  washed  out  of  it,  for  distribution  to 
Fellows  interested  in  this  branch  of  research. 
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YI. — List  of  Desmidieas  found  in  gatherings  made  in  the  neigh-- 
hourhood  of  Lake  Windermere  during  1883. 

By  J.  P.  BissET. 

{Bead  ^th  January,  1884.) 
Plats  V.  Fios.  4-7. 

In  April  last  Mr.  James  Bisset,  of  Yokohama,  then  temporarily 
residing  at  Bowness,  sent  the  writer  sqneezings  from  marshy 

E round  in  the  following  localities,  yiz. : — Moor  near  the  &im  q{ 
indeth,  Bowness,  and  on  Brantfell ;  also  &om  the  neighbourhood 
of  Glaife  Heights  and  Blea  Tarn.  These  gatherings  proved  rich  in 
Desmidiese,  producing  among  other  interesting  forms  the  beautiful 
Micrasterias  brachyptera  of  Lundell,  not  previously  recorded  out  of 
Sweden  and  Norway.  The  writer  subsequently  visited  the  same 
district,  and  made  gatherings  at  Idndeth,  through  Easedale^and  in 
the  neighbourhood  of  Angle  Tarn  and  Low  Tarn.  The  follow- 
ing list  gives  the  forms  detected  in  the  two  sets  of  gatherings,  and 
bcArs  evidence  that  the  English  Lake  District  is  likely  to  be  found 
a  very  prolific  field  for  these  beautiful  organisms. 

Some  particulars  and  figures  are  given  of  supposed  new  forms 
found  in  toe  ^therings,  but  which  had  previously  been  found  in 
Scotland  by  the  writer  and  his  co-worker,  Mr.  John  Eoy,  of 
Aberdeen. 

The  following  authorities  are  quoted  for  forms  named,  or  figured, 
since  the  publication  of  the  last  English  work  on  Desmidieas,  viz. 
by  Mr.  Archer,  in  Pritchard's  '  Infusoria.' 

Archer,  Dnblin  Kat.  Hiat.  Rev.  =  W.  Archer,  Dublin  Natnnd  History  Beview 

1859. 
Archer,  Dab.  Mic.  Club  Proc.  =  W.  Archer,  Dublin  Mioroaoopical  Club  Proceed- 
ings, 1868. 
De  Not.  Desm.  Ital.  =  G.  De  Notaris,  Elementi  per  lo  Studio  delle  Desmidiaoee 

Italicbe.    Gknova,  1867. 
Jacobsen,  Desm.  Dane.  =  M.  J.  P.  Jacobsen,  Aper9u  Syst^matique  et  Critique 

sur  les  Desmidiac^  du  Danemark.     Copenhagen,  1874. 
Lundell,  Desm.  Suec.  =  P.  M.  Lundell,  De  Desmidiaceis  quie  in  Suecia  inyentsB 

sunt,  Obserrationes  Critic®.    UpsalisB,  1871. 
Kilgeli,  Gatt.  einzell.  Alg.  =  C.  Nageli,  Gattungen  einzelliger  Algen.    Zurioh« 

1849. 
Nords.  Desm.  Spets.  =  O.  Nordstedt,  Desmidiace®  ex  insulis  Spctsbergensibus 

et  Beeren  Eiland  in  ezpeditionibus  1868  et  1870  Buecanis  collectn.   Stockholm, 

1872. 
Kords.    Norges  Desm.  =  O.  Nordstedt,  Bidrag  till  K&nnedomen  om  Sydligare 

Norges  Desmidi^.    Lund,  1873. 
Kords.  Desm.  Arot  =  O.  Nordstedt,  Desmidieie  Arcton.    Stockholm,  1875. 
Kords.  Desm.  Bras.  =  C.  F.  O.  Nordstedt,  18  Fam.  DesmidiacesD,  Symboln  ad 

Floram  Brasilis  Centralis  cognoecendam,  edit.  Eng.  Warming.    Kjobcnhayn, 
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Babenb.  Fl.  Eur.  Alg:.  =  L.  Rabenhorst,  Flora  EuropiBa  Algarnm  aqun  dnlcia 

et  submariDSB,  Seotio  III.    Lipsio),  1868. 
Beinech,  Die  Algenflora  =  Paul  Reinach,  Die  Algenflora  des  mittleren  Theiles 

von  Franken.    Niiruberg,  1867. 
Reinscb,  Goutributiones  =  P.  F.  Reinscb,   Ck>ntribntioDe8  ad  Algologiam  et 

Funeologiam.    Lipsia),  1875. 
Wille,  Ferek.  Nova.  Semi.  =  N.  Wille,  Fenkrandsalger  fra  Novaja  Semlja  samlede 

af  Dr.  F.  Kjellman  paa  Nordenskiolda  Expedition  1875.    Stockbolm,  1879. 
Wille,  Norges.  Fersk.  =  N.  Wille,  Bidrag  til  Kundakaben  om  NorgeB  Ferak- 

vandaalger.    Christiania,  1880. 

Wittrook,  Om  Gotlands  =  V.  B.  Wittrock,  Om  Gotlanda  ooh  O'landa  Sotvattena- 
alger.    Stockholm.  1872. 

DESMIDIEJB  Eats. 

MICRA8TERIA8  Ag. 

1.  M,  angulosa  Hantzoh         Lindeth  and  Low  Tarn. 

2.  M.  denticttlata  Br€b. Ck>mmon. 

3.  M.  Thomasiana  Archer       Lindeth. 

4.  M.  rotata  Grev Ditto. 

5.  M,  brachyptera  Lundell  (Desm.  Suec. 

p.  12,  t.  i.  fig.  4)     Lindeth. 

6.  M,  papUUfera  Breb Brantfell  and  Lindeth. 

7.  if.  Crux-Melitensis  Ehrb Lindeth. 

8.  M.  pmnatifida  KUtz. Lindeth  and  Olalfe  Heights. 

9.  M,  crenata  Br^b Frequent. 

10.  M,  truncata  Gorda      Ditto. 

11.  M,  mvoronata  Dixon Easedale  and  Angle  Tarn. 

EVASTRUM  Ehrb. 

1.  E.  terrucosum  Ehrb Brantfell  and  Lindeth. 

2.  E,  pectinatum  Br^ Frequent 

8.  E,  gemmatum  Br^ Ditto. 

4.  E.  oblongum  Grev Ditta 

5.  E.  crassum  Breb Ditto, 

6.  E,  ventricosum  Lund.   (Desm.  Sueo. 

p.  18,  t  ii.  fig.  2) Low  Tarn. 

7.  E,  pmnatum  Ralfs      Frequent 

8.  E.  affine  Ralfs Low  Tarn. 

9.  E.  ampulkuxum  Ralfe Easedale. 

10.  E,  Didelta  Ralfis Freouent 

11.  E.  cuneatvan  Jenner Lindeth,  Blea  Tarn,  and  Easedale. 

12.  E.  oMatvan  Ehrb Frequent 

18.  E.  sinuoswn  Lenorm.  {E.  drculare  $  Low  Tarn. 

Ralfs)        

14.  E,  msigne  Hass. Lindeth,  Easedale,  and  Angle  Tarn. 

15.  E,  rostratum  Ralfs Gommon. 

16.  E.  elegant  Bi^ Ditto. 

17.  E.  erosum  Lundell  (Desm.  Suec.  p.  22, 

tii.  fig.  6)       Frequent 

18.  E,  binale  Turp Common. 

19.  E,  insulare  Wittrock  (Om  Gotlands, 

p.  49,  t.  iv.  fig.  7) Lindeth  and  Angle  Ttan, 

20.  E,  venustwn  Bre'b Lindeth,  Claife  Heights,  and  Aagle 

Tarn. 

C08MARIUM  Oorda. 

1.  C.  margaritiferum  Turp Frequent 

2.  C.  renifarmis  Ag Bnmtfell,  Lindeth,  and  OIaiA»  Heifffata. 

8.  C.  tetumBr^ Ditto.  * 
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4.  C.  conspersum  Rulfs Brantfell  and  Liudetli. 

5.  C  BotryUt  Bory GommoD. 

6.  C  ochthodes  Nords.  (Dcam.  Aict  p.  17, 

t.  vi  fig.  3)      BrantfollfClaifo Heights,  and  Easedale. 

7.  C  tetraophthalmum  Kiitz Common. 

8.  C,  Logiense  Biaset  n.8.       Bloa  Tarn,  Ambleside,  Easedale,  and 

Angle  Tarn. 

Fig.  4. — Frond  shaped  as  figured,  sometimes  with  a  wide  and  very  shallow 
depression  at  the  ends,  deeply  constricted  and  rough  all  over  with  small 
pearly  granules.  Length,  70-73  /;*;  breadth  47-50  /;*;  breadth  of 
isthmus,  21  -22  /lu  Found  previously  on  Deeside,  and  in  Arran,  Scotland. 

9.  C.  Br^Ussorm  Menegh Lindeth,  Claife  Heights,  and  EaBedale. 

10.  C.  omatum  Ralfs        Common. 

11.  C.  puncttUatum  Br^. Frequent. 

12.  C.  sporteila  Br^ Brantfell,  Easedale,  and  Anglo  Tarn. 

13.  C,  spedosum  Lundell  (Desm.   Buec. 

p.  84,  t.  iii.  fig.  5) Easedale  and  Angle  Tarn. 

14.  C.  subxpedoswn  Nords.  (Desm.  Arct. 

p.  22,  t  vi  fig.  13) Lindeth. 

15.  C.  KJellmani    Wille    (Fersk.    Nov. 

Beml.  p.  42,  t.  zii.  fig.  31)     . .     . .  Ditto. 

16.  C,  monomazum  Lundell,  var.  $  poly- 

mazwn  Nords.  (Norges  Desm.  p.  14, 

fig.  3)       Ditto. 

17.  C,  istlmochondrum    Nords.    (Norges 

Desm.  p.  12,  fig.  2) Ditto. 

18.  C.  prcmonum  Br^.  (Liste,  p.  128)  . .  Angle  Tarn. 

19.  C.  oalatum  Balfs Frequent. 

20.  a  BoeckUWUle  (Norges  Fersk.  p.  28, 

t  L  fig.  10)      Lindeth. 

21.  C  crenatum  BalfiB      Common. 

22.  C.widuhium  Cot6a Lindeth,  Claife    Heights,    and    Low 

Tarn. 

23.  C.  Nymannkmum  Grunow  (in  Babenh. 

Fl.   Eur.  Alg.   p.  166  ;   Lundcdl, 

Desm.  Suec.  t.  iii.  fig.  1)      . .     . .  Angle  Tarn  and  Low  Tarn. 

24.  C.  Phaseohis  BreT) Frequent. 

25.  C.  pachydermum    Lnndell,     ybx,    $ 

minua  Nords.  (Norges  Desm.  p.  18, 

fig.  7)       Common. 

26.  C  Aomoiodfrmtim  Nords.  (Desm.  Arct. 

p.  18,  t  yi.  fig.  4) Rrsntfell  and  Lindeth. 

27.  C,  pyramidatum  Bi€b.        Common. 

28.  C.pseudO'pyr<miidatumhimde]l(J)e8m. 

Buec  p.  41,  t.  ii.  fig.  18)       . .     . .  Lindeth  and  Low  Tarn. 

29.  C,  votrioiaiwn  Lundell  (Deem.  Buec. 

p.  41,  t.  ii.  fig.  19) Angle  Tarn  and  Low  Tarn. 

80.  C,  granatum  Br^ Brantfell  and  Lindeth. 

81.  C,  tetragonum  N'ageli  (Gktti  einzell. 

Alg.  p.  119,  t.  nL  A,  fig.  5)  . .     . .  Ditto. 

82.  C  pygmavm  Archer Frequent. 

83.  C.  Meneghkm  Br^ Ditto. 

84.  C  angvimm  Br^ Ditto. 

85.  C.  hiocuiatum  Br6b Ditto. 

86.  C  Jacdbsenii  Boy  (C  moniliferum  Ja- 

cobsen,  Desm.  Dana  p.  200,  pL  viii. 

fig.  24)     Brantfell  and  Claife  Heights. 

SI,  C,  connaium  Br4b Brantfell,  Lindeth,  and  Gaife  Heights. 

88.  C.  pteud(Hxmnaium    Nords.    (Desm. 

Bras.  p.  214,  t  iii.  fig.  17)     . .     . .  Brantfell  and  Lindeth. 
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39.  C,  orbicuhium  Balfs Frequent. 

40.  C.  Portianitm  Archer Common. 

41.  C,  amcmum  Breb Ditto. 

42.  C.  annulatum  Nag.  (Gati  einzell.  Alg. 

p.  Ill,  t.  vi.  F.)       Brantfcll,  Lindcth,  and  Eased  ale. 

43.  C.  Thwaitesii  Ralfe     Frequent. 

44.  C.  quadratum  Balfs Ditto. 

45.  C.  anceps  Lundell  (Desm.  Suec.  p.  48, 

t.  iii.  fig.  4)      Easedale. 

46.  C.  Hoimiense,  var.  /3  integrum  Lundcll 

(Desm.  Suec.  p.  49,  i  ii.  fig.  20)  . .  Lindeth. 

47.  C.  panmlum  Br^ Blea  Tarn,  Easedale,  and  Angle  Tarn. 

48.  C  cucurbita  Br^ Frequent. 

49.  C.  iurgidum  Br^ Lindeth. 

50.  C.  de  Baryi  Archer Ditto. 

51.  C.  cucumis  Corda        Common. 

52.  C.  Ralfsii  Br^b Easedale. 

53.  C,  cydicwn  Lundell    (Desm.    Suec. 

p.  35,  t  iii.  fig.  6  d)        Angle  Tarn. 

ARTHRODESMUS  Ehrb. 

1.  A,  contfergens  Ehrb Frequent. 

2.  A,  TncusBr^ Ditto. 

3.  A.  octocomis  Ehrb Ditto. 

8TAURA8TRUM  Meyen. 

1.  S.  muticum  Br^ Common. 

2.  S,  orbicnlare  Ehrb Ditto. 

3.  S.  brevispina  Br^.      Brantfell  and  Lindeth. 

4.  8,  mucronatum  Balfs Brantfell. 

5.  S,  dejectum  Br(H) Common. 

6.  8.  apictUatum  Brdb Brantfell. 

7.  8.  cuspidattm  Brdb Brantfell,  Lindeth,  and  Claife  Heights. 

8.  8,  Dickici  Balfs Brantfell,  Claife  Heights,  and  Ease- 

dale. 

9.  8,  pterosporum  Lundell  (Desm.  Suec. 

p.  60,  t.  iii.  fig.  29) Angle  Tarn  and  Low  Tarn. 

10.  8.  0*Mear%%  Archer BrantfelL 

U,  8,aviculaBT&> Ditto. 

12.  8  brachiaUm  Balfs Claife  Heights. 

13.  8.  ksve  Balfs       Claife  Heights,  Easedale,  and  Angle 

Tarn. 

14.  8,  levispinum  Bisset,  n.  s Low  Tarn. 

Fig.  5. — a,  front  view ;  &,  end  view.  Frond  as  figured.  Length,  28-30  /i ; 
breadth,  32-35  /a  ;  breadth  of  constriction,  9  /a.  First  found  in  1882  in 
Arran,  Scotland. 

15.  5.  ^ncom«  Br^ Brantfell  and  Lindeth. 

16.  8,  asperum  Brdb Brantfell,  Lindeth,  and  Easedale. 

17.  8.  KjellmaniWiWe  (Fersk.  Nova.  Semi. 

p.  50,  t  xiii.  figs.  50-53)       . .     . .  Blea  Tarn,  Easedale,  and  Angle  Tarn. 

18.  8,hir8utumlEhTh Brantfell,  Blea  Tam»  and  Easedale. 

19.  8.  Pringsheimii  Beinsch  (Die  Algen- 

flora,  p.  172,  t.  x.  fig.  4) Lindeth. 

20.  8.  cdtemans  Br^ Brantfell  and  Chufe  Heights. 

21.  8.  margaritaceum  Ehrb Angle  Tarn  and  Low  Tun. 

22.  8,  Br^issonii  Archer Lindeth  and  Low  Tarn. 

23.  8.teliferumBAl(B       Frequent 

24.  8.  nitidum  Archer  (Dublin  Nat.  Hist. 

Rev.  p.  3,  pi.  i.  figs.  3,  4)      . .     . .  Lindeth. 


196  Transactions  of  the  Society, 

25.  8,  Menani  ReinBch  (Die  Algenflora, 

p.  160,  t.  xii.  fig.  1)       Blea  Tarn  and  Ambleside. 

26.  S.cafMium  Br€b.  forma  Spetsbergensia, 

Nords.  (Desm.  Bpets.  p.  39,  t.  viL 

fig.  25)      Blea  Tarn. 

27.  8.  monticuhsum  BrA Brantfell,  Lindeth,  and  Eaaedale. 

28.  8,  maamense  Archer  (Dub.  Mic.  Club 

Proc.  p.  282,  vol.  i.  1868) ;  8.  pseudo- 
cr^fiattimLundell  (Desm.  Soec.  p.  65, 

t.  iv.  fig.  4, 1871) Lindeth. 

29.  8,  furcatwn  Ehrb Blea  Tarn  and  Low  Tarn. 

80.  8,  mfiexum  Br^ Lindeth  and  Glaife  Heights. 

31.  8,  pdymorphwn  Br^.        Common. 

82.  A  JMntcAu  Boy  C'St.  spec.'*  Beinsoh, 

Oontribut  p.  86,  t.  xvii.  fig.  5)  Blea  Tarn  and  Angle  Tarn. 

83.  8,  oxyaoantha  Archer Lindeth. 

84.  8,  aculeatum  Ehrb. Frequent 

85.  8,  vestitum  BalfiB Lindeth  and  Claife  Heights. 

86.  8.  ffracile  BalfiB Ditto. 

87.  8,  paradoxim  Meyen Lindeth,    Claife    Heights,  and   Low 

Tarn. 

88.  8.  tetracenm  Kutz. Brantfell,  Lindeth,  and  Claife  Heights. 

89.  8,  furcigertun  Br^ ,     . .  Brantfell. 

40.  8.  tunUdum  Br^b,        Lindeth,    Claife  Heights,  and    Blea 

Tarn. 

XANTHIDIUM  Ehrb. 

1.  X  aculeatum  Ehrb Low  Tarn. 

2.  X.foKiculatumEtiTb, Brantfell. 

8.  X.  antihpoBum  Bt^b Lindeth,   Claife   Heights,   and   Low 

Tarn. 

4.  X  eritiatum  yar.  $  uncinatum  Br^. .  Brantfell 

5.  X.  8mithii  Archer      Brantfell,  Lindeth,  and  Easedale. 

6.  X.  armatum  Br^.      Conmion* 

TSTMEM0BU8  Balfs. 

1.  T,  BrUnssonii  Menegh.     • Common. 

2.  T.  granukUus  Br€:i Ditto. 

a  T.  temtK&tz. Frequent. 

CL08TERIUM  Nitssch. 

1.  C,  didymoioeum  Corda        Frequent 

2.  a  gtriolatum  Ehrb. Ditto. 

8.  C.  intermedium  Balfii Brantfell,  Lindeth,  and  Claife  Heights. 

4.  C.  CVfiMiiaDeNot(DeBm.ItBLp.65, 

tTiifig.71) CLiife  Heights. 

5.  C  oottatum  Ccnrda      Frequent. 

6.  O.  anguttaium  Kfit& Lindeth  and  Low  Tarn. 

7.  C.  junddum  Balfs      Common.    Forms  a  and  $  at  Lindeth. 

8.  a  Lunula  MuUer       Ditto. 

9.  C,  JEhrenbergiildesiegh Brantfell. 

10.  C.  iurgidum  Ehrb Lindeth  and  Low  Tarn. 

IL  C.lmeatum  Bhrh.      ..  Brantfell. 

12.  C.  attenuatum  Ehrb Brantfell,  Lindeth,  and  Low  Tarn. 

18.  C.  Leibleum  Kiits Conmion. 

14.  C,  Diano  Ehrb Frequent 

15.  a  Jenneri  Balfs Brantfell,  Lindeth,  and  Easedale. 

16.  C.  roairatum  Ehrb. Brantfell,  Linde^,  and  Low  Tarn. 

17.  C.  eetaceum  Ehrb Brantfell,  Lindeth,  and  Claife  Heights. 

18.  C.  ocifitim  Lyngb.      Common. 
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CYLINDB0CY8TI8  Menegh. 

1.  C.  Brebis9on\i  Meoegh Freqnent. 

2.  C  diphspora  Landell  (Desm.  Suec. 

p.  83,  t  y.  fig.  7) Brantfell  and  Claife  Heights. 

PENIVM  Br^. 

1.  P.  Digitus  Ehrb Common. 

2.  P.  lamettosum  Br^ Brantfell  and  LiDdeth. 

3.  P,  interrupt  urn  BreT) Frequent. 

4.  P,  dosterioides  Ralfs Ditto. 

5.  P.  Navicula  Br^ Ditto. 

6.  P.  margaritaoeum  Ehrb Brantfell,  Lindetb,  and  Claife  Heights. 

7.  P.  cylindf-us  Ehrb Lindeth. 

8.  P.  polgmorphum  Perty       Common. 

9.  P.  minittum  (Docidium  mmutum)  Balfs  Ditto. 

10.  P.  ^moroKfes  Boy  n.  s Brantfell,  Lindeth,  and  Claife  Heights. 

Fig.  6. — Frond  shaped  as  figured.  Endoohrome  in  well-marked  fillets, 
five  of  which  are  generally  seen  in  front  view.  Membrane  rather 
sparsely  punctate.  Length,  95  fi ;  breadth,  45  fi.  Previously  found  on 
Deeside  and  in  Arran,  Scotland. 

11.  P.  cucuHntinum  Bisset  n.  s Lindeth  and  Blea  Tarn. 

Fig.  7.— Frond  shaped  as  figured.  Endochrome  in  fillets,  three  of  which 
are  usually  seen  in  front  view.  Membrane  sparsely  punctate.  LengUi, 
85-90  fi ;  breadth,  32-35  fi.  This  form  is  not  uncommon  on  Deeside, 
Scotland. 

DOOIDIUM  Br4h. 
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Vn. — On  the  Formation  and  Growth  of  Cells  in  the  Oenm 

Pohjsiphonia. 

By  George  Massbb.  r.R.M.S. 

(  f{ead  I2th  March,  1884.) 
Plate  VL 

If  the  growing  point  of  Polysiphonia  is  examined  under  a  low 
power,  a  plano-convex  apical  cell  containing  a  nnclens  is  seen^  the 
convex  side  heing  uppermost ;  below  this— depending  on  the  rate 
of  segmentation  of  the  apical  cell — ^from  two  to  four  thin  disk-like 
segments  are  superposed ;  further  away  from  the  growing  point,  as 
the  segments  increase  in  breadth,  each  is  seen  to  be  surrounded  by 
a  row  of  cortical  cells,  the  so-called  "  siphons,"  these  latter  appearing 
to  be  absent  from  the  youngest  segments  lying  immediately  below 
the  apical  oelL 

EXPLANATION  OP  PLATE  VL 

Fig.  1. — ^Portions  from  growing  point  of  Polysiphonia  uroeoiata,  showing  the 
protopbismic  throadu  connecting  superposed  segments.  The  cell-walls  have  been 
removed,     x  750  diam. 

Fig.  2. — ^Transverse  section  through  the  stem  of  P.  urceolata  at  the  point 
where  the  protoplasm  of  the  cortical  cells  is  continuous  with  the  protoplasm  of 
the  axial  cell,     x  500  diam. 

Fig.  3. — Diagranmiatic  representation  of  the  protoplasmic  portion  of  the 
growing  point  of  P.  urceolaia. 

Fig.  4. — Transverse  section  through  the  stem  of  P.  fcutigiaia  at  the  point 
where  the  axial  cell  is  connected  with  the  cortical  cells ;  a,  tetragonidium ;  6, 
two  cortical  cells  produced  from  the  tetragonidium  by  gemmation.  The  cell- 
widls  have  been  removed,     x  500  diam. 

Fig.  5. — Vertical  section  through  the  growing  point  of  P.  ureeolata,  showing 
the  ingrowth,  by  degrees,  of  the  transverse  walls.  The  protoplasm  has  been 
removed,     x  750  diam. 

Fig.  6. — Perforated  plates  of  cellulose  removed  from  the  openings  left  in  the 
transverse  septa  of  the  axial  row  of  cells  in  P.  fwtigiaia,     x  1000  diam. 

Fig.  7. — Portion  of  axial  cell  of  P./cuHgiata,  showing  the  perforation  through 
the  transverse  wall  at  a,  from  which  a  perforated  disk  of  cellules  similar  to 
fig.  6  has  been  removed ;  5,  minute  holes  in  the  cell-wall,  through  which  proto* 
plasmic  thr»sids  pass  firom  the  axial  to  the  cortical  cells,  as  shown  in  flgd. 
8  and  9. 

Fig.  8. — Transverse  section  through  an  axial  cell  of  P.  fatiigiafa  at  the  point 
where  the  protoplasm  is  giving  off  rays,  a,  to  the  cortical  cell&  The  cell-waU  is 
thickened  and  stratified,     x  750. 

Fig.  9. — Vertical  section  of  axial  cell  of  P.  fcutigiata,  showing  stratified  cell- 
wall  and  protoplasm  giving  oS  rays,  a,  to  cortical  cells,     x  750. 

Fig.  10. — Vertical  section  through  a  branch  of  P.  urceolaia  a  short  distance 
from  mo  apex ;  the  cells  have  grown  considerably  in  a  radial  direction,  but  very 
little  vertically.     x750. 

Fig.  11. — ^Vertical  section  through  a  branch  of  P.  urceoUda  at  some  distance 
from  the  apex,  showing  vertical  growth  of  cells,     x  750. 

Fig.  12.— Axial  cells  from  P.  faiti^ata  close  b^ind  the  apical  cell,  showing 
the  origin  of  cortical  cells  by  gemmation,     x  1000. 

Fig.  13. — Young  tetragonidia  from  P.  faaUgiaia,     x  1000. 

Fig.  14.— Growing  points  of  P.  fatUgiatc^  showing  method  of  segmentation  of 
apical  coll  for  formation  of  a  dichotomy. 
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To  understand  clearly  the  structure  of  the  growing  point,  it  is 
necessary  to  examine  specimens  from  which  the  cell-walls  have 
been  removed :  this  can  be  accomplished  bv  soaking  for  several 
hours  in  a  solution  of  nitro-picric  acid.  If  this  material  is  stained 
and  examined  under  a  high  power,  it  will  be  seen  that  the  proto- 
plasm of  each  cell  is  in  perfect  continuity  with  the  next  above  and 
below,  being  connected  by  a  narrow  neck  of  protoplasm.  In 
addition  to  this  central  string,  which  is  compar^tiyel^  thick  and 
strong,  much  finer  threads  may  sometimes  be  seen  spnnging  from 
one  of  the  masses  of  protoplasm  just  within  its  margin,  and  joining 
on  to  the  next  mass  m  the  same  position. 

These  marginal  strings  were  for  some  time  a  source  of  much 
perplexity,  as  owing  to  their  extreme  tenuity  they  rarely  survived, 
unbroken,  the  treatment  necessary  for  the  removal  of  the  cell-walls, 
and,  if  broken,  the  protoplasm  contracts  so  much,  that  not  a  trace 
of  the  torn  ends  remain.     (PL  VI.  fig.  1.) 

If  a  small  amount  of  pressure,  combined  with  a  rotatory  move- 
ment, be  appUed  to  the  thin  glass  cover  protecting  the  specimen 
under  examination,  the  segments  of  some  of  the  growmg  points  wiU 
be  separated  from  each  other.  Examined  in  detail,  these  segments 
in  Pdysiplumia  urcedata  present  the  following  appearance.  The 
first  below  the  apical  cell  resembles  a  thin  circular  disk  with  an 
unbroken  margin ;  the  second  working  bex^kwards  from  the  apex  is 
shghtly  thicker  than  the  preceding,  and  the  margin  has  four 
notches  at  equal  distances ;  these  notches,  in  the  third  segment, 
reach  about  half-way  from  the  centre  to  the  circumference  of  the 
disk,  which  thus  presents  the  appearance  of  a  Maltese  cross ;  in 
the  segments  further  back,  the  four  lobes  are  more  or  less  quadrate 
in  form,  and  each  is  joined  to  the  central  mass  of  the  segment  by 
a  narrow  neck  of  protoplasm  (fig.  2).  The  central  mass  of  the 
segment  developes  mto  tne  axial  cell  of  one  joint  of  the  stem,  and 
the  four  outgrowths  form  the  four  cortical  cells.  The  slender 
threads,  alluded  to  as  springing  from  near  the  margin  of  the  disk, 
are  in  P.  urceolata  four  in  number,  and  unite  the  superposed 
cortical  cells  of  adjoining  segments.  The  cortical  cells  are  thus 
connected  with  each  other  by  vertical  protoplasmic  threads,  each 
one  again  communicating  with  the  axial  cell  by  a  horizontal  thread, 
while  the  axial  cells,  as  already  shown,  are  connected  by  vertical 
threads  (fig.  3).  This  mode  of  formation  of  the  cortical  cells, 
as  also  their  couDectiou  with  each  other  and  with  the  axial  cell,  is 
the  same  in  all  the  species  of  Polysiphonia  that  I  have  had  an 
opportunity  of  examining. 

The  tetragonidia  originate  in  precisely  the  same  way  as  the  cortical 
cells ;  in  Polysiphonia  fastigiata  they  occupy  a  space  equal  to 
two  of  the  latter,  from  which  they  are  readily  distinguished,  even  in 
the  earliest  stages  of  development,  by  their  more  spherical  form,  and 
by  the  presence  of  two  prominences  on  the  peripheral  margin,  which 
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develope  into  cortical  cells  (fig.  4) ;  thus  the  tetragonidia  are 
imbedded  in  the  substance  of  the  thallus,  being  in  communication, 
by  means  of  a  neck  of  protoplasm,  with  their  mother-cell  on  the 
axial  side,  and  with  the  two  cortical  cells  on  their  peripheral  side, 
these  last  being  daughter-cells  of  the  tetragonidium.    These  out- 

SX)wths  from  the  tetragonidia  originate  by  the  method  of  cell- 
vision  known  as  gemmation,  appearing  as  minute  papillae,  which 
increase  in  size  and  become  constricted  at  the  point  of  attach- 
ment with  the  mother  celL  The  cortical  cells  and  tetragonidia 
that  originate  from  an  axial  cell  are  also  the  results  of  genmiation. 
It  will  thus  be  seen  that  the  increase  in  size  of  a  Polysiphonia 
is  the  result  of  two  distinct  methods  of  cell-formation ;  the  axial 
row  of  cells,  by  which  the  plant  increases  in  length,  being  the 
result  of  fission  or  segmentation  of  the  apical  cell,  whereas  all 
increase  in  thickness  is  due  to  gemmation  from  the  axial  cells. 
The  manner  in  which  the  continuity  of  protoplasm  between  adjacent 
cells  is  kept  up  varies  with  the  age  of  the  cells.  When  a  segment 
is  cut  ofif  from  the  apical  cell,  the  partition  wall  is  formed  gra- 
dually (fig.  5),  but  before  reaching  the  centre  its  growth  ceases, 
80  that  a  circular  opening  is  left  through  which  the  contracted 
neck  of  protoplasm  passes  unbroken.  This  opening  increases  in 
size  with  the  growth  of  the  cell,  being  much  larger  in  old  than 
in  young  cells.  After  the  openings  hisive  reached  a  certain  size, 
they  are  closed  by  the  growth  of  a  cellulose  plate,  to  the  margin  of 
which  the  protoplasmic  sac  or  ''  primordial  ntride "  is  attached ; 
this  plate  is  perforated  with  minute  holes  through  which  slender 
threads  of  protoplasm  pass.  The  attachment  of  this  plate  to  the 
margin  of  the  oririnal  large  opening  is  not  very  firm  and  it  can 
be  readily  removed,  when  it  presents  the  appearance  of  a  flat  or 
convex  disk  (fig.  6). 

The  first  increase  in  size  of  the  cells  is  in  a  radial  direction, 
the  stem  attaining  its  full  thickness  at  a  short  distance  behind 
the  growing  point  (fig.  10) ;  afterwards  the  cells  rapidly  increase 
in  length  bv  acropetal  and  basipetal  growth,  the  rate  of  each  being 
shown  by  the  relative  length  of  the  cell  above  and  below  the  neck 
of  protoplasm  connecting  it  with  the  axial  cell,  which  may  be 
looked  upon  as  a  fixed  point  (fig.  11).  After  the  cell  has  reached 
its  full  development,  the  protoplasm  disappears,  leaving  the  empty 
contracted  protoplasmic  sac ;  the  cell- wall  at  the  same  time  increases 
in  thickness,  stratification  being  in  most  species  very  distinct 
(figs.  8,  9). 

The  method  of  branching  is  dichotomous,  segments  being  cut 
off  from  the  apical  cell  by  inclined  septa  (fig.  14),  the  axis  of 
growth  of  the  branch  being  at  right  angles  to  the  septum  whidi 
cuts  off  the  first  cell  of  the  branch  from  £he  apical  cell. 
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MICROSCOPY,    &c., 

INCLUDING  ORIGINAL  COiDIUNICATIONS  FROM  FELLOWS  AND  OTHERS* 


ZOOLOGY. 


A.    GENERAL,  including  Embryology  and  Histology 

of  the  Vertebrata. 

Development  of  the  Optic  and  Olfactorsr  Organs  of  Human 
Embryos.! — A.  Eolliker  has  had  the  opportunity  of  examining  four 
human  embryos,  the  smallest  and  youngest  of  which  was  8  mm.  long  and 
4  weeks  old,  the  largest  and  oldest  21  mm.  and  8-9  weeks.  The 
earliest  had  the  lens-pit  still  open,  and  the  two  layers  of  the  secondary 
optic  vesicles  were  not  fused ;  the  proximal  of  these  layers  consisted 
of  at  least  two  layers  of  cells,  and  showed  in  its  anterior  two-thirds 
fine,  round,  and  proportionately  large  pigment-granules,  and  there  was 
a  double  limiting  membrane ;  the  distal  or  retinal  layer  consisted  of 
subequal  elongated  cells,  arranged  in  from  four  to  six  layers,  its  limit- 
ing membrane  passed  directly  into  the  upper  of  the  above-mentioned 
limiting  membranes  of  the  pigment-layer.  The  lens  appeared  to 
consist  of  two  or  three  layers  of  elongated  cells,  while  the  epidermis 
was  uni-laminate.  The  vitreous  body  had  the  appearance  of  a  well- 
developed  transparent  layer  richly  provided  with  cells ;  these  were  all 
stellate  or  spindle-shaped.  Sections  of  the  hinder  regions  showed 
that  the  choroidal  fissure  advanced  from  below  and  fonwds. 

Li  the  next  embryo  the  lens  was  constricted  o£^  though  in  sizo 
that  embryo  was  only  8  *  5  mm.  long ;  in  some  points  it  showed  an 
advance,  and  in  others  it  lagged  behind  the  rather  smaller  embryo,  so 
that  it  seems  that  the  early  developmental  stages  of  the  eye  vary 
somewhat  in  rapidity.  After  describing  the  characters  of  this 
rudimentary  organ  the  author  gives  a  very  useful  enumeration  of  the 
seven  well-observed  cases  of  eyes  in  embryos  not  exceeding  8*5  mm. ; 
he  then  passes  to  the  third  embryo,  in  which  the  lens-substance  is 

*  The  Society  are  not  to  be  considered  responsible  for  the  views  of  the 
authors  of  the  papers  referred  to,  nor  for  tlie  manner  in  which  those  views 
may  be  expressed,  the  main  object  of  this  part  of  the  Journal  being  to  present  a 
summary  of  the  papers  as  acttiaily  published,  so  as  to  provide  the  Fellows  with 
a  guide  to  the  additions  made  from  time  to  time  to  the  Library.  Objections  and 
corrections  should  therefore,  for  the  most  nart,  be  addressed  to  the  authon, 
(The  Society  are  not  intended  to  be  denoted  by  the  editorial  **  we.") 
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begmning  to  be  developed ;  it  presents  a  stage  in  formation  whioh  has 
never  yet  been  recorded.  The  distal  layer  of  the  optic  cup  now 
exhibits  the  first  indications  of  striation,  and  an  inner  thinner  layer 
of  cells  with  more  rounded  nuclei  may  be  distinguished  from  an  outer 
thicker  one  in  which  the  nuclei  are  more  elongated ;  between  them 
lies  a  clearer  zone,  poor  in  cells.  The  primitive  optic  nerve  is  still 
hollow,  though  signs  of  closure  are  very  apparent;  it  consists 
partly  of  the  primitive  elements  of  the  medullary  plate,  and  partly 
of  very  fine  longitudinal  fibrils  which  are  superficial  in  position,  and 
extend  through  the  whole  length  of  the  nerve.  The  pigment-layer 
was  intensely  brown,  and  in  its  thinnest  part  consisted  of  two  layers 
of  cells.  The  lens  presented  the  condition  in  which  the  lens-fibres 
had  begun  to  be  formed  from  the  cells  of  the  hinder  wall  of  the 
primitive  vesicular  rudiment ;  the  capsule  was  very  distinct,  and  of 
the  same  thickness  throughout.  A  distinct  cornea  was  already  present, 
and,  in  nature,  clearly  stands  in  direct  contact  with  the  lens-capsule. 
The  mesodermal  tissue  around  the  eye  was  thickened,  but  was  not  yet 
marked  off  externally. 

The  oldest  embryo  had  a  spherical  lens,  the  anterior  aqueous 
chamber,  and  eyelids ;  the  optic  nerve  exhibited  no  sign  of  any  cavity, 
and  consisted  only  of  the  network  of  stellate  cells  derived  from  the 
primitive  nerve,  and  very  fine  non-nucleated  optic  fibrils ;  the  lens 
had  lost  all  cavity  within,  the  retina  consisted  anteriorly  of  elongated 
cells,  and  here  and  there  zones  poor  in  or  free  of  nuclei  could  be 
made  out.  The  uvea  and  sclerotic  were  not  yet  distinctly  differentiated, 
but  formed  only  a  somewhat  thick  tissue  around  the  eye.  The  cornea 
was  remarkably  delicate.  There  were  no  signs  of  lachrymal  glands, 
but  the  ducts  and  canaliculi  were  well  developed. 

In  the  youngest  embryo  the  uppermost  end  of  the  olfactory  pit 
formed  already  a  blind  sac,  the  true  olfactory  blind-sac,  which  becomes 
later  on  the  uppermost  part  of  the  olfactory  region ;  in  the  oldest,  the 
olfactory  pits  were  connected  with  the  primitive  buccal  cavity  by 
ducts — nasal  ducts,  the  labial  and  mandibular  clefts  were  seen  to  be 
closed,  but  the  palatal  cleft  was  still  open.  A  study  of  this  specimen 
shows  that  the  network  of  stellate  cells  of  the  olfiactory  lobe  is  con- 
verted, either  partially  or  completely,  into  a  nucleated  network  of  fine 
bundles  of  the  finest  olfactory  fibrils ;  that  the  network  of  cells  grow 
out  from  the  olfactory  lobe  either  before  or  simultaneously  with  its 
conversion  into  fibrils;  it  gives  rise  to  buds  of  cells  which  project 
into  the  mucous  membrane  of  the  nose,  while  behind  these  buds  it 
continues  to  be  converted  into  a  fibrillar  network.  The  nucleated 
fibrillar  bundles  found  in  the  embryo  are  the  predecessors  of  the 
nucleated  pale  olfactory  fibres  of  the  adult.  If  this  description  is 
exact  it  will  follow  that  the  fibres  of  the  olfactory  nerve  are  compar- 
able to  the  axis>cylinders  of  other  nerves,  and  their  nuclei  to  the 
nuclei  of  nerve-cells.  For  man,  as  for  other  forms,  embryology  shows 
that  the  olfactory  lobe  is  a  part  of  the  brain,  that  the  point  of  origin 
of  the  nerves  is  to  be  found  in  the  primitive  olfiictory  lobes,  that  the 
nerves  grow  out  from  the  lobes,  or  from  parts  derived  therefrom, 
and  that  the  olfactory  tract  and  radices  are  secondary  commissural 
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Bysiems  which  connect  the  bnlbs  with  the  more  distant  parts  of  the 
brain,  and,  partly  also,  with  one  another. 

From  the  rich  possession  of  neryes  by  Jacobson's  organ  in  an 
eight-week  old  embryo,  and  their  disappearance  in  older  embryos,  we 
may  conclude  that  the  organ  is  now  in  a  rudimentary  condition,  as 
compared  with  what  it  was  in  ancestral  forms. 

Eggs  of  Birds.* — Prof.  Tarkhanoff  records  a  very  interesting 
inquiry  into  the  structure  of  the  eggs  of  birds. 

He  finds  that  albumen  of  the  eggs  of  the  Insessores  (ousel, 
canary,  pigeon,  &c.)  notably  differs  from  that  of  the  autophagous 
birds  (hens,  ducks,  geese,  turkeys).  When  boiled  it  remains  trans- 
lucid  ;  it  is  fluorescent ;  its  rotation-power  on  the  plane  of  polarization 
is  feebler ;  when  diluted  with  much  water  it  does  not  give  a  white 
deposit,  but  only  gives  a  feeble  opalescent  coloration  to  the  water ; 
finally  it  has  a  stronger  basic  reaction  than  the  white  of  the  esgs  of 
the  hen.  It  may,  howeyer,  be  transformed  so  as  to  become  nke  it 
by  various  means,  namely,  the  addition  of  neutral  salts,  or  of  bases, 
or  of  concentrated  acetic  and  lactic  acids,  or  even  of  carbonic  acid. 
The  most  remarkable  fact,  however,  is  that  the  same  result  is  also 
arrived  at  by  incubation,  and  Prof.  Tarkhanoff  considers  that  the 
modifying  agency  in  this  case  is  the  yolk ;  when  moderately  heated 
with  yolk  in  closed  vessels,  during  twenty-four  hours  or  more,  it  is 
transformed  into  albumen  like  that  of  a  hen's  egg.  As  to  the  manner 
in  which  the  yolk  acts  on  it,  it  still  remains  unsettled ;  the  suppo- 
sition that  the  diffusion  of  salts  is  the  cause  of  the  change  proved  not 
to  be  true;  and  the  cause  must  be  searched  for  perhaps  in  the 
diffusion  of  gases.  The  interesting  question,  as  to  the  albumen  of 
hens'  eggs  not  also  undergoing  the  same  stages  of  development 
within  the  ovarium,  cannot  yet  be  solved  satisfiEustorily ;  but  during 
his  experiences  M.  Tarkhanoff  observed  once  the  most  interesting  fact 
that  a  small  ball  of  amber  introduced  into  the  upper  part  of  the 
ovarium  occasioned  the  deposition  of  albumen  around  the  ball,  and 
the  formation  of  a  shell,  that  is,  the  formation  of  a  quite  normal  egg 
with  its  chalazffi,  and  other  particulars  of  structure.  This  observa- 
tion would  thus  strongly  support  the  mechanical  theory  of  the 
formation  of  the  parts  of  an  egg  around  its  yolk. 

Chemical  Composition  of  the  Egg  and  its  Envelopes  in  the 
Common  Frog.t — P*  Giacosa,  to  isolate  the  envelope,  placed  the  eggs 
for  some  hours  in  lime  water,  whereupon  the  envelope  dissolved  wl^e 
the  yolk  settled  down  to  the  bottom.  The  filtered  solution,  treated 
with  acetic  acid  of  10  per  cent,  yielded  a  flocculent  precipitate,  which, 
after  repeated  washing  with  acetic  acid  and  pure  water,  g^ve  by 
analysis  52*71  per  cent.  C,  7-1  H.,  9*38  N.,  1*82  S.,  and  0*42  ash, 
whence  the  author  infers  the  presence  of  a  mucin.  This  substance 
resists  putrefaction,  and  does  not  reduce  copper  salts  till  after  boiling 
with  dilute  sulphuric  acid.  The  author  intends  to  study  the  products 
of  this  decomposition,  but  as  he  has  not  been  able  to  detect  the 

*  M^m.  Soc.  Nat.  St.  Petersburg,  xiii.  (1883).    See  Nature,  xxiz.  (1884)  p.  461. 
t  Journ.  Chem.  Soc.— Abstr.,  zlvi.  (1884)  pp.  198-9,  from  Gazette,  xiit  p.  171. 
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presence  of  any  other  bodies,  he  conclndes  that  the  enveloping 
membrane  of  frogs'  eggs  consists  of  pure  mucin.  From  the  oviduct 
of  the  frog  ho  also  succoodcd  in  extracting  a  mucin,  which  though 
differing  from  the  preceding  in  centesimal  composition,  nevertheless 
agrees  with  it  in  all  other  characters. 

Zoonerythrine  and  other  Animal  Pigments.* — C.  de  Meresch- 
kowsky  gives  the  results  of  recent  researches  on  zoonerythrine  and 
other  animal  pigments.  A  list  of  the  species  in  which  that  naturalist 
has  noted  the  presence  of  zoonerythrine  includes  several  members  of 
each  of  the  following,  Ccelonterata,  Echinodermata,  Vermes,  Crustacea, 
Bryozoa,  Tunicsta,  Mollusca,  and  Pisces,  in  all  117  species.  Zoo- 
nerythrine is  usually  found  in  the  superficial  layer,  but  in  some  species 
it  occurs  in  the  muscular  tissue.  Various  phanerogamous  and 
cryptogamous  plants  also  contain  it.  Numerous  other  pigments  are 
enumerated.  One  group  of  these  is  characterized  by  ihe  ease  with 
which  they  can  be  transformed  into  zoonerythrine  under  the  influence 
of  certain  chemical  or  physical  conditions,  such  as  elevation  to  the 
boiling-point,  or  the  addition  of  a  drop  of  acid ;  while  another  group 
is  characterized  by  the  impossibility  of  transforming  them  into 
zoonerythrine. 

Commensalism  between  a  Fish  and  a  Medusa.! — Heferring  to  Q. 
Lunel's  paper  ^  on  the  union  of  Caranx  and  Cramhesaa,  in  which  he 
speaks  of  the  commensalism  of  fishes  and  Medussd  as  something  doubt- 
ful and  unknown,  W.  Macleay  points  out  that  the  fact  was  well  known  to 
the  Commissioners  on  the  Fisheries  of  New  South  Wales,  who  in  their 
report  written  nearly  four  years  ago,  alluding  to  the  Yellow-tail, 
Trachurus  trachurus,  say  : — **  The  very  young  fry  have  a  most  extra- 
ordinai'y  and  ingenious  way  of  providing  for  their  safety  and  nutrition 
at  the  same  time ;  they  take  up  their  quarters  inside  the  umbrella  of 
the  large  MedusaB,  where  they  are  safe  from  their  enemies,  and  are, 
without  any  exertion  on  their  part,  supplied  with  the  minute  organ- 
isms which  constitute  their  food,  by  the  constant  current  kept  up  by 
tiie  action  of  the  curtain-like  cilia  of  the  animal." 

B.    INVERTEBBATA. 

Annelid  Commensal  with  a  Coral.§— J.  W.  Fewkes  records  the 
fact  of  an  annelid  commensal  with  the  coral  Mycedium  fragile.  The 
worm  occupies  a  calcareous  tube,  which,  for  the  greater  part  of  its 
length,  is  firmly  fixed  to  the  lower  side  of  the  coral.  In  a  normal 
coral  colony,  the  tube  opens  near  the  edge  of  the  cupuliform  disk  of 
the  young  coral ;  the  growth  of  the  edge  imprisons  the  worm-tube 
which,  in  time,  becomes  completely  surrounded  by  the  living  coral. 
The  worm  and  its  tube  grow  also,  and  as  the  tube  remains  free  at  its 
orifice,  the  worm  within  is  in  free  communication  with  the  surrounding 

»  Bull.  Soc.  Zool.  France,  viil.  (1883)  pp.  81-97.    Of.  Amer.  Natural.,  xvii. 
(1883;  pp.  1301-2. 

t  Abfitr.  Proc.  Linn.  Soo.  N.  S.  Wales,  27th  December,  1883,  p.  iii. 

X  Sie  ibis  Journal,  anU,  p.  35. 

§  Amer.  Natural.,  xvii.  (1883)  pp.  595-7. 
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medium.  Sometimes  the  coral  covers  in  the  mouth  of  the  tube,  and 
then  the  worm  perishes :  this,  however,  seems  to  happen  very  rarely. 
The  presence  of  the  worm  causes  an  abnormality  in  the  form  of  the 
coral,  which,  when  alone,  retains  throughout  life  the  discoid  form  of 
the  young.  Pontes  is  another  example  of  a  coral  with  which  worms 
live  and  its  interior  may  be  often  seen  to  be  perforated  with  worm- 
tubes. 

Mollusca. 

Oeneral  Account  of  the  Mollusca.* — E.  Bay  Lankester  has  an 
exhaustive  article  on  the  Mollusca,  which  he  arranges  as  follows : — 

Phylum  Mollusca. 

Branch  A.  Glossophora.  Branch  B.  Lipocephala. 

Glass  1.  Gastropoda.  Class  1.  Lamellibranchia. 

Br.  a.  Isoploura,  e.  g.  Oyster,  Mussel,  Clam, 

e.  g.  Chiton,  Neomenia.  Cockle. 

Br.  6.  Anisopleura, 

e.  g.  Limpet,  Whelk,  Snail,  Slug. 
Class  2.  Scaphopoda,  o.  g.  Tooth-shell. 
Class  3.  Cephalopoda. 

Br.  a.  Pteropoda,  e.  g.  Hyalssa,  Pncumodermon. 
Br.  h.  Siphonopoda,  e.  g.  Nautilus,  Cuttles,  Poulp. 

After  a  general  account  of  the  Mollusca  as  a  phylum  of  the 
Coelomata,  the  author  describes  a  ^  schematic  mollusc  *' ;  it  has  a 
head  on  which  are  placed  a  pair  of  short  cephalic  tentacles ;  the  aper- 
tures of  a  pair  of  nephridia  are  seen  to  the  right  and  left  of  the  anus ; 
the  most  characteristic  organ  is  the  foot  (podium)  which  is  probably 
genetically  connected  with  the  muscular  ventral  surfsu^  of  the 
Planarians,  and  with  the  suckers  of  Trematoda.  On  the  dorsal  surface 
is  the  visceral  hump  or  dome,  protected  by  a  shell,  which  is  single, 
cap-sbaped  and  symmetrical ;  the  integument  of  the  visceral  dome 
forms  a  primary  shell-sac  or  follicle.  The  wall  of  the  body  forms  a 
flap  or  skirt — this  is  the  mantle.  Underlying  this  are  the  ctenidia  or 
gill-combs,  to  which  it  is  well  to  give  a  non-physiological  name. 
Near  the  base  of  the  stem  of  each  ctenidium  is  a  peculiar  patch  of 
modified  epithelium,  which  tests  the  respiratory  fluid  and  is  persistent 
in  its  position  and  ncrvo-supply  throughout  the  Mollusca ;  it  is  the 
olfactory  organ  of  Spengel  and  may  be  definitely  known  as  the 
osphradium.  The  term  ^  gonad  "  is  applied  to  the  ovaries  or  spcrmaries, 
and  it  is  pointed  out  that,  at  present,  we  caimot  say  whether  the 
gonad  was  primitively  median,  or  paired.  The  disposition  of  the  nerve- 
cord  is  highly  cliaracteristic.  A  general  sketch  of  the  phenomena  of 
development  follows. 

The  systematic  review  commences  with  pointing  out  the  import- 
ance from  a  classificatory  point  of  view  of  the  radula.  The  Isopleura 
are  divided  into  the  Polyplacophora  (Chitons),  NeomeniaB,  and  ChsBto- 
derma ;  the  two  latter  must  be  associated  with  the  Chitons  now  that 

•  Ency.  Brit,  xvi.  (1883)  pp.  632-95  (152  figs.). 
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Hnbrecht  has  difloovered  that  Proneamenia  has  a  radola  and  odonto- 
phore.  In  the  division  of  the  Anisopleura,  Spengel's  gronp  of 
Streptoneura,  or  those  in  which  the  nerve-oords  ^are  in  the  torsion 
of  the  body,  is  adopted,  and  it  is  divided  into  the  Zygobranohia,  in 
which  the  organs  of  the  left  side  do  not  undergo  atrophy — sach  are 
the  limpet  (with  regard  to  whose  anatomy  mnch  information  is  given\ 
HalioUs,  ana  FiisureUa  ;  the  second  order  is  that  of  the  Azygobranchia 
in  which  the  left  ctenidiom  and  nephridinm  are  atrophied ;  they  are 
either  creeping  forms  (Beptantia)  like  Turbos  TurriteUa^  CydoBUma^ 
Doiiumy  Conui,  and  Bucdnum^  or  Natantia  like  AUarUa  and  Plero- 
trachea,  Spengel's  name  of  Enthynenra  is  also  adopted  for  those 
Anisopleura  in  which  the  tension  of  the  visceral  hump  does  not 
affect  the  nerve-cords;  here  we  have  the  Opisthobranchia  and  the 
Pnlmonata. 

Although  the  different  members  of  the  group  of  the  Cephalopoda 
differ  very  greatly  among  themselves,  they  are  all  characterized  by  the 
^  encroachment  of  the  K>re-foot  so  as  to  surround  the  head,  and  by 
the  functionally  important  bilobation  of  the  mid*foot.  Following  the 
example  of  his  predecessor  (Owen)  Lankester  enters  into  great  detail 
as  to  the  structure  of  the  Pearly  Nautilus. 

Various  observations  of  general  interest  occur  throughout  the 
article ;  the  most  important  is  perhaps  the  description  of  the  nature 
of  the  so-called  proboscids;  the  different  forms  are  described  and 
supplied  with  characteristic  designations;  indeed  the  whole  essay 
teems  with  suggestions  of  new  terms. 

It  will  be  noticed  that  the  author  now  removes  the  Polyzoa  and 
Brachiopoda  from  the  Mollusca,  being  led  especially  by  the  observa- 
tions of  Caldwell  on  PhoronU  to  think  that  the  supposed  agreement 
of  structure  is  delusive. 

Intertropical  Deep-Sea  MoUusca.*— P.  Fischer,  working  at  the 
collections  lately  made  by  the  *  Talisman,*  finds  Arctic  molluscs  at 
great  depths  in  the  intertropical  regions  of  the  Atlantic,  and  points 
out  that  the  difference  between  the  superficial  and  the  deep  fauna  is 
such  that  the  genera  are  different,  that  their  reciprocal  associations 
have  no  relation,  and  that  if  the  remains  of  these  &un89,  although 
contemporaneous,  were  to  be  fossilized,  we  should  say  that  they 
belonged  to  different  epochs  or  represented  the  population  of  two 
distinct  seas.  With  the  northern  species  are  found  forms  that  are 
unknown  at  present  in  the  northern  seas. 

As  Lov4n  suspected  would  be  the  case,  it  was  found  that  the 
bathymetrical  limits  of  the  northern  forms  increased  as  the  equator 
was  approached,  and  it  would  appear,  therefore,  that  the  temperature 
of  the  water  has  more  to  do  with  the  distribution  of  marine  animals 
than  the  intensity  of  light. 

A  number  of  forms  hitherto  supposed  to  be  peculiar  to  the  Medi- 
terranean, were  found  off  the  coast  of  Africa ;  and  we  may  conclude 
that  the  number  of  species  confined  to  that  sea  are  small. 

The  great  depths  of  Antarctic  seas  must  now  be  investigated. 

*  GompteB  Bendos,  xcvii.  (1883)  pp.  1497-^. 
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New  Cephalopoda.* — A.  E.  Yerrill,  in  a  sapplement  to  his  '  Blake 
Beport'  describes,  among  others,  the  representatives  of  two  new 
genera.  NectoteiUhis  is  allied  to  StolotetUhiSy  but  he  weakens  the  e£fect 
of  his  discoyery  by  remarking  that  "  some  of  the  pecnliar  features  of 
the  arms  and  suckers  may  be  only  sexual."  Opisthoteuihis  is  most 
remarkable  for  the  posterior  opening  of  the  siphon  and  branchisB, 
which  is  in  correlation  with  the  union  of  the  head  and  body  with  the 
brachial  membrane.  Both  of  these  new  genera  are  founded  on  single 
specimens,  and  in  neither  case  was  the  sex  of  the  individual  absolutely 
certain. 

Two  new  species  of  Octopus^  0.  punciatus  and  0.  hinutculcUuSy  are 
described  in  a  succeeding  communication ;  with  regard  to  the  former 
the  observations  of  Mr.  Dall  are  of  great  interest.  '*  When  angry, 
the  horn  over  the  eye  is  erected,  the  arms  coil  together,  the  eye 
dilates,  and  the  body  quivers  with  rage.  The  muscles  keep  up  a 
squirming  motion,  but  I  have  never  seen  any  approach  to  the  dark 
colour  figured  by  Chenu  as  characteristic  of  the  angry  Octopus  vulgari$ 
of  the  Mediterranean,  nor  any  such  elevated  longitucQnal  ridges.  The 
suckers  project  or  are  retracted  according  to  the  mood  of  the  animal ; 
their  outer  edge  expands  when  about  to  seize  hold,  and  contracts  after 
getting  hold  of  anything.  ...  It  never  willingly  turns  its  mouth  up, 
and  when  forced  to  do  so  clenches  its  arms,  like  a  fist,  over  it  With 
death  comes  flaccidity  and  flattening.  One  with  a  body  8  in.  in 
diameter  had  the  arms  16  ft.  long.  They  shrank  much  in  alcohol." 
The  second  species,  as  represented  by  its  largest  known  male,  has  the 
dorsal  arms  825  and  390  mm.  long  from  the  mouth ;  the  second  pair 
540  and  450  mm. ;  the  ventral  arms  500  and  490  mm.  The  diameter 
of  the  larger  suckers  of  the  lateral  arms  was  11  to  14  mm. ;  the  body 
was  70  mm.  long,  and  where  broadest,  75  mm. 

Operculum  of  Oa8teropoda.t — M.  Houssay  has  investigated  the 
question  as  to  what  part  of  the  foot  of  gasteropods  excretes  the 
substance  of  the  operculum,  and  how  the  growth  of  that  organ  is 
effected.  The  term  columeUar  border  is  applied  to  that  portion  of  the 
operculum  which  is  found  near  the  columella  of  the  shell,  and  that  of 
parietal  border  to  the  opposite  edge.  The  internal  and  external 
surfScuies  of  the  operculum  are  not  formed  in  the  same  way.  In  the 
latter  there  is  a  small  transverse  cleft,  the  walls  of  which  are  lined 
by  a  special  epithelial  layer,  which  soon  dries  in  air  and  becomes  of  a 
homy  consistency.  The  cells  of  the  layer  secrete  a  structureleas 
material  which  gives  rise  to  a  hyaline  membrane ;  this  escapes  by  the 
cleft  and  becomes  added  on  to  the  operculum ;  as  these  are  successively 
laid  down  the  outer  face  of  the  operculum  is  striated.  The  inner 
surface  is  clothed  by  an  apparently  homogeneous  layer.  The  spiral 
form  of  the  operculum  seems  to  be  due  to  the  slight  rotation  to  which 
it  is  subjected  as  the  shell  grows,  and  the  consequent  alteration  in 
position  of  the  columellar  muscle.  The  organ  in  question  is  produced 
by  a  part  only  of  the  epithelium  of  the  foot,  and,  while  it  has 

•  Bull.  Mas.  Gomp.  Zool.,  zi.  (1883)  pp.  105-24  (6  pU.). 
t  CJomptes  Bendufl,  xcviiL  (1884)  pp.  286-8. 
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apparently  no  relations  to  the  byssus,  it  is  still  more  different  from 
the  second  valve  of  a  Lamellibrancb  shell. 

Anatom^jr  of  the  Stylommatophora.* — A.  Nalepa  has  been  chiefly 
engaged  with  Zonites  algiruB^  ont  has  also  investigated  Limax 
cinereoniger^  and  Helix  pomatia.  The  large  mucous  glands  which  are 
so  often  enormously  developed  in  the  integument  of  land  pulmonates 
are  proportionately  only  feebly  developed  in,  and  are  indeed  absent 
from  parts  of  the  skin  of  Zonites.  Transverse  sections  of  the  edge  of 
the  mantle  of  Helix  show  conclusively  that  the  tunica  propria  of  the 
mucous  glands  is  continued  between  tiie  epithelial  cells.  Zonites  has 
no  wintar  operculum,  and  the  absence  of  this  may  explain  the  rare 
presence  of  calcareous  glands.  The  author  thin^  that  Simroth's 
criticism  of  the  supposed  olfactory  function  of  the  foot-gland  is 
justified  by  its  structure,  for  maceration  shows  that  it  is  an  agglomera- 
tion of  unicellular  glands.  As  to  the  nervous  system  of  the  foot,  it  is 
to  be  noted  that  there  are  not  two  primary  trunks,  inasmuch  as  the 
diameter  of  what  have  been  so  regarded  is  often  surpassed  by  that  of 
their  lateral  branches. 

The  different  reports  that  have  been  made  on  the  distribution  of  a 
ciliated  epithelium  in  the  enteric  canal,  are  partly,  at  any  rate,  to  be 
explained  by  such  fstcts  as  that  the  whole  stomach  is  ciliated  in  very 
young  Helices,  while,  in  the  adult,  wide  tracts  are  devoid  of  cilia. 
The  salivary  glands  of  Helix  are  loose,  but  in  Limax  and  Zonites 
compact  masses,  which  in  the  former  lie  like  a  saddle  on  the  short 
oesophagus,  and  in  the  latter  form  a  pretty  broad  closed  ring ;  they 
are  made  up  of  a  number  of  unicellular  glands,  and  each  cell  is  sur- 
rounded by  a  membrane  of  connective  tissue,  which,  at  its  side,  is 
continued  into  a  narrow  and  generally  very  long  efferent  duct.  The 
cells  have  either  finely  granular  or  hyaline  contents,  and  have  a 
different  reaction  with  osmic  acid.  Each  salivary  glajid  receives  a 
strong  nerve  from  the  buccal  ganglion,  and  there  is  a  general 
distribution  of  the  large  ganglionic  cells,  which  are  characteristic  of 
the  sympathetic  system. 

The  arteries  are  continued  into  capillaries  with  definite  walls, 
lined  by  a  distinct  endothelium,  but  the  veins  are  more  lacunar  in 
character,  and  endothelial  cells  are  absent  from  their  walls.  The 
characters  of  the  circulatory  system  are  described  in  detail,  and 
attention  directed  to  the  discussion  as  to  the  closed  or  lacunar  con- 
dition of  the  vascular  system  of  Molluscs.  It  is  believed  that  the 
differences  in  the  results  obtained  depend  not  only  on  the  imperfection 
of  certain  methods  of  investigation,  but  also  on  the  vagueness  of  the 
ideas  of  some  as  to  what  is  meant  by  a  lacuna  and  a  sinus.  Although 
the  arteries  end  in  vessels  which  are  comparable  to  the  capillaries 
of  vertebrates,  they  do  not  enter  into  a  continuous  connection  with 
venous  vessels  of  similar  histological  constitution ;  are  the  continua- 
tions lacunsB  (or  sinuses),  or  are  they  modified  capillaries?  If  by 
'Macunas"  we  mean  spaces  which,  in  a  histologiciJ  sense,  have  no 
wall,  then  there  are  Jacuiue ;  but  if  by  the  expression  we  mean  to 

♦  SB.  K.  Akad.  Wiae.  Wioii.  Ixxxvu.  (1883)  pp.  237-301  (3  pis.). 
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speak  of  wide-branched  cavities  in  the  tissues,  the  walls  of  which  are 
merely  formed  by  conncctiye  substance,  and  which  hayo  been  indi- 
vidualized and  made  independent  of  the  tissues  of  the  organs,  then 
there  are  not  here  lacunaa. 

In  addition  to  the  contractions  of  the  heart,  the  author  has  observed 
rhythmical  contractions  in  the  pulmonary  vein  and  its  branches.  The 
ventricle  is  expressly  stated  to  be  innervated  from  a  nerve-plexus, 
which  supplies  also  the  aorta,  while  the  auricle  appears  to  be  inner- 
vated by  a  pulmonary  nerve ;  after  great  trouble  Nalepa  was  able  to 
demonstrate  nerves  in  the  musculature  of  the  auricle. 

After  some  account  of  the  lung,  attention  is  directed  to  the  kidney, 
and  it  is  shown  that  Meckel  was  in  error  in  supposing  that  there  was 
a  true  camcration  of  the  organ,  and  that  the  chambers  communicated 
by  lateral  orifices  with  the  ureter ;  it  seems  rather  that  folds  project 
from  its  upper  and  lower  walls,  but  that  there  is  a  common  central 
cavity,  which,  at  the  tip  of  the  kidney,  communicates  with  the  ureter. 
The  lamellaa  are  ordinarily  largely  connected  by  transverse  folds,  and 
the  spaces  thus  formed  are  lined  by  a  secretory  epithelium ;  the  uric 
acid  excreted  appears  to  be  partly  free  and  partly  united  with  other 
bodies  to  form  guanin. 

The  penis  of  Zonites  and  Limax  is  distinguished  from  that  of 
Eelix  by  the  absence  of  a  flagellum ;  and  there  are  certain  differences 
in  the  vascular  supply.  The  papillse  of  stimulation  found  in  the 
penis  of  Zoonites  consist  largely  of  cells  of  connective  substance, 
imbedded  in  intercellular  substance,  and  bounded  by  the  epithelium 
of  the  inner  surface  of  the  penis.  The  organ  is  richly  supplied  with 
nerves,  as  may  be  well  seen  in  chloride  of  gold  preparations  of  Limax  ; 
the  ganglionic  cells  are  arranged  in  groups,  are  rounded,  and  have 
very  large  nuclei.  A  glandular  mass  in  the  wall  of  the  vagina  of 
Zonites  corresponds  to  the  digitated  mucous  glands  of  the  Helicidsd ; 
it  consists  of  tubular  follicles  which  open  separately  into  the  vagina, 
and  are  lined  by  a  high  glandular  epithelium.  With  these  the 
follicles  of  the  bursa  copulatoria  agree  in  structure  and  form. 

Segmental  Org^ans  and  Podocyst  of  Embryonic  LimacinsB.* — 
8.  Jonrdain  finds  that  at  the  time  of  the  formation  of  the  stomodteal 
invagination,  there  appears  on  either  side  a  labio-tentacular  thickening, 
placed  in  front  of  the  pallial  plate.  There  is  a  prepallial  swelling 
formed  of  a  central  nucleus  of  granular  matter,  which  the  author  regards 
as  true  post-embryonic  yolk-material,  destined  to  make  up  for  the  in- 
sufiBicient  quantity  of  primitive  yolk.  The  segmental  organ  is  paired, 
and  is  siphonate  in  shape,  the  convexity  being  superior  or  doisal ;  it 
consists  of  a  membrane  lined  by  polygonal  cells  with  a  large  granular 
nucleus,  and  with  very  fine  cilia ;  the  external  orifice  is  funnel-shaped. 
It  has  no  relation  to  the  permanent  kidney,  which  is  developed  inde- 
pendently. The  fate  of  the  segmental  organ,  no  vestiges  of  which 
are  to  be  found  in  the  adult,  has  not  been  determined.  The  term 
'*  podocyst "  is  applied  to  the  contractile  appendage  of  the  hinder  part 
of  the  mouth,  which  is  either  short,  as  in  Limax  agrestia^  or  elongated 

^  Comptes  BeDdus,  xcviii.  (1884)  pp.  308-10. 
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and  spiral,  as  in  Arion  rufus.  Its  walls  are  formed  by  a  layer  of 
mesodermal  cells  with  a  large  nucleus,  surrounded  by  a  contractile 
irregularly  stellate  protoplasm,  the  branching  processes  of  which 
unite  with  one  another.  Externally  to  this  layer  is  a  finely  ciliated 
ectoderm ;  the  contained  cavity,  wluch  exhibits  diastole  and  systole, 
oommunicates  with  the  body-cavity,  and  receives  from  it  and  returns 
to  it  fluid.  Shortly  before  the  young  slug  leaves  the  egg  the  podocyat 
is  completely  absorbed.  In  considering  the  function  of  this  embryonic 
organ,  we  have  to  note  that  it  is  in  direct  contact  with  the  inner 
surface  of  the  shell,  so  that  it  occupies  a  very  favourable  position  for 
the  exchange  of  the  necessary  gases  between  the  blood  and  the  sur- 
rounding air ;  on  the  other  hand,  it  is  in  direct  relation  to  the  reserve 
of  material  which  is  used  up  by  the  embryo.  From  a  physiological 
point  of  view,  then,  it  seems  to  be  comparable  to  the  allantois  of  the 
higher  Yertebrata. 

There  does  not  appear  to  be  any  good  reason  for  thinking  that 
the  prepallial  swelling  is  a  contractile  sac,  which  acts  antagonistically 
to  the  podocyst ;  all  the  mesodermal  tissues  alike  distend  when  the 
podocyst  contracts,  and  it  is  only  in  consequence  of  the  looser  texture 
of  the  swelling  that  its  movements  of  dilatation  and  contraction  are 
more  marked  and  more  easily  visible. 

Spicula  Amoris  of  British  Helices  * — C.  Ashford  contributes  a 
comprehensive  paper  on  the  *'  darts "  found  in  connection  with  the 
reproductive  apparatus  in  certain  Helice$. 

The  dart  is  contained  in  a  short  ventricose  pouch  opening  into  the 
lower  part  of  the  vaginal  tube,  a  little  above  the  common  vestibule, 
on  the  right  side  of  the  neck.  There  is  usually  one :  if  two  are  present, 
the  second  sac  is  on  the  opposite  side  of  the  tube  from  the  first.  The 
sac  may  be  simple  or  bilobate.  At  the  bottom  of  the  cavity  of  the 
sac  is  a  conical  papilla,  which  serves  as  a  basis  for  the  dart,  which  is 
attached  to  it  by  its  posterior  end.  The  apparatus  is  a  development 
of  adult  life,  and  especially  of  pairing  time,  but  this  is  indifferontly 
present  or  wanting  in  species  otherwise  closely  allied.  The  dart 
itself  is  a  tubular  shaft,  of  carbonate  of  lime,  tapering  to  a  solid, 
transparont,  sharp  point,  enlarging  at  or  towards  the  base,  whero  it 
assumes  the  form  of  a  suboonical  cup.  The  sides  of  the  shaft  are 
sometimes  furnished  with  blade-like  longitudinal  buttresses,  which 
serve  to  strongthen  it.  They  are  rapidly  formed,  may  be  secroted  in 
six  days,  and  differ  in  form  in  differont  species.  They  are  supposed 
to  serve  the  purpose  of  inducing,  by  punoturo,  the  excitement  pre- 
paratory to  pairing.  They  aro  too  fragile  to  do  moro  than  prick  the 
tough  skin  of  these  molluscs,  but  sometimes  penetrate  the  apertures 
of  tiie  body,  and  aro  found  within.  A  new  weapon  is  formed  after 
the  loss  of  itie  old  one.  It  is  best  extracted  for  study  by  boiling  the 
sac  in  caustic  potash. 

Anatomy  of  Pelta  and  Tylodina.! — A.  Vayssi^  gives  an  account 
of  these  snuJl  and  incompletely  known  molluscs.    The  prosence  of 

*  Joum.  of  Gonoh.,  July  1883.    Of.  Science,  ii.  (1883)  p.  803. 
t  Ann.  8ci.  Nat  Zool.,  xy.  (1883)  Art  1,  46  pp.  (3  pis.). 
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a  gill  on  the  right  side  of  the  body  of  PeZto,  though  difficult  to 
demonstrate,  proves  that  that  animal  is  related  to  the  Pleurobranchiata ; 
other  characters  of  its  organization  justify  us  in  establishing  for  it 
a  distinct  family. 

Around  the  buccal  depression  there  open  a  large  number  of  mucous 
glands,  not,  as  in  some  allied  forms,  consisting  merely  of  a  simple  vesicle, 
but  giving  rise  to  mulberry-like  masses  of  racemose  character.  Each  of 
these  masses  or  aggregates  is  provided  with  an  excretory  duct  of  some 
length,  and  they  sometimes  not  only  surround  but  enter  to  some 
extent  into  adhesion  with  the  nervous  centres.  The  radular  apparatus 
within  the  buccal  bulb  does  not  agree  in  structure  with  that  of  the 
true  Pleurobranchs,  and  another  point  of  disagreement  with  them  is  to 
be  found  in  the  characters  of  the  stomach,  which  call  to  mind  the 
arrangements  which  obtain  in  the  BuUidse ;  there  are  in  it  four  large 
homy  plates,  the  walls  are  very  muscular,  and  the  whole  seems  to  have 
the  function  of  a  gizzard. 

The  gill  of  Pelta  is  not  well  developed,  and  possesses  only  three 
or  four  respiratory  lamellad;  it  is  connected  with  the  heart  by  means 
of  the  branchial  vein;  while  the  heart  and  its  two  aortsB  could  be 
made  out,  the  remainder  of  the  circulatory  system  baffled  the  investi- 
gator. The  same  remark  applies  also  to  part  of  the  reproductive 
system,  but  it  is  of  interest  to  note  that  the  author  was  able  to  make 
some  observations  on  a  subject  which  is  just  now  attracting  so  much 
attention — the  development  of  the  spermatozoa.  He  findis  that  the 
male  vesicles  present  the  appearance  of  a  cell  with  a  nucleus,  in  which 
one  may  distinguish  several  hyaline  granulations ;  at  the  periphery 
of  the  male  celk  there  are  a  certain  number  of  granulations,  similar 
to  those  of  the  nucleus.  This  observation  leads  to  the  supposition 
that  here,  as  in  Helix  (Duval),  there  is  an  endogenous  formation  of 
nuclei.  Free  from  these  mother-cells  we  see  a  large  number  of  '*  poly- 
blasts  "  more  or  less  developed ;  in  one  in  an  advanced  stage,  each  bud 
or  *'  spermatoblast "  is  seen  to  be  only  connected  with  the  primitive 
cell  by  a  delicate  peduncle  which,  later  on,  forms  the  anterior  part  of 
the  spermatozoon.  The  spermatoblasts  continue  to  elongate,  until  at 
last  we  have  a  large  number  of  spermatozoa  which  are  attached  by 
their  heads. 

The  oesophageal  nerve-collar  is  formed  by  three  pairs  of  ganglia 
which  are  connected  with  one  another  by  short  commissures ;  of  these 
the  cerebroid  ganglia  are  of  a  pale  orange  colour,  while  the  pedal  and 
the  visceral  are  more  deeply  orange.  Tentacles  being  absent,  it  is 
possible  that  olfactory  organs  are  present,  but  the  author  was  not  able 
to  convince  himself  of  this ;  the  eye  has  the  ordinary  OpistHobranch 
structure,  while  the  otocysts  are  of  some  size,  one  oidy  being  present 
in  each  auditory  cell. 

The  author's  investigations  lead  him  to  concur  in  the  suggestion 
of  J.  E.  Gray,  that  the  fEunily  PeltidcB  should  be  instituted  for  the 
reception  of  this  form. 

Tylodina  is  next  dealt  with,  and  its  relations  to  UmbreUa  are  par- 
ticularly insisted  on;  differences  in  the  number  and  form  of  the 
teeth  of  the  radula  were  observed  to  obtain  with  age ;  the  stomach  is 
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proyidod  with  a  chitinous  triturating  apparatus ;  the  commissores  con- 
necting the  nerve-centres  are  excessively  short,  and  the  cerebroid 
ganglia  are  proportionately  large,  owing  possibly  to  the  complete 
absence  of  viscend  ganglia. 

Absolute  Forceof  the  Adductor  Muscles  of  LameUibranchs.* — 
F.  Plateau  has  commenced  a  series  of  researches  on  the  absolute  foroe 
of  the  muscles  of  invertebrates  by  an  investigation  on  certain  Lamelli- 
branchs.  The  name  of  absolute  or  static  force  was  given  by  Weber  to 
the  force  measured  by  the  weight  which  exactly  eqmlibrates  the  con- 
traction of  a  muscle  ;  in  other  words,  if  a  muscle  is  fixed  by  one  end, 
and  a  weight  suspended  at  the  other,  the  absolute  foroe  is  measured  by 
the  maximum  weight  which  the  muscle  in  action  can  carry  without 
either  elongating  or  contracting.  Hitherto  observations  seem  to  have 
been  confined  to  the  frog  and  to  man. 

After  a  notice  of  the  work  of  preceding  investigators  into  the 
physiology  of  Lamellibranch  muscles,  the  author  points  out  that  in 
most  of  £his  group  the  adductor  muscles  may  be  found  to  consist  of  a 
transparent  (generally  the  largest)  and  an  opaque  portion ;  the  latter 
appears  to  be  formed  of  smooth,  the  former  of  transversely  striated 
fibres.  The  experiments  of  Coutauce  show  that  in  Pectens  the  two 
muscular  portions  have  different  functions :  while  the  transparent 
muscle  contracts  rapidly,  the  opaque  smooth  muscle  does  so  slowly. 

Plateau  has  experimented  on  twenty  di£ferent  species,  but  finally 
limited  his  researches  to  Unto  pictorum,  Cyclas  rxvicola^  AriemxB  exoletOj 
TeUina  incarnata,  and  Pandora  rostrata.  A  full  account  of  the  modes 
of  experiment  is  given,  together  with  elaborate  tables  of  the  results ; 
these  cannot  be  reproduced  here,  and  it  must  suffice  to  say  that  it  has 
been  found  that  the  only  way  of  usefully  comparing  the  muscular  force 
of  Lomellibranchs  with  that  of  the  higher  animals  is  to  discover  the 
absolute  force  of  the  muscles  for  each  square  centimetre  of  transverse 
section.  When  the  comparison  is  thus  made  it  is  found  that  the 
absolute  force  of  the  adductors  of  Lamellibranchs  is  analogous  to  that 
of  vertebrates.  To  the  objection  that  molluscan  muscles  are  smooth, 
and  that  vertebrate  muscles  are  transversely  striated,  the  only  possible 
answer  at  this  moment  is  that  the  author  has  also  made  some  inves- 
tigations on  the  muscular  force  of  Crustacea,  which  will  shortly  be 
published  and  in  which  he  hopes  to  explain  the  apparent  anomaly. 

Water-pores  of  the  Lamellibranch  Foot. — H.  Griesbach  has  main- 
tained t  the  existence  oijpori  aquiferi  in  the  Lamellibranch  foot,  while 
J.  Carri^re  held  J  the  contrary  view.  J.  T.  Cattie  §  has  studied 
a  considerable  number  of  species,  and  does  not  find  the  least  trace  of 
aquiferous  pore ;  and  T.  Barrois  ||  arrives  at  the  same  results.  He 
discusses  the  work  of  Carriore  and  himself,  and  finds  that  they  have 
studied  most  of  the  forms  where  the  presence  of  aquiferous  pores  has 

♦  Bull.  Acad.  B.  8ci.  Belg.,  vi.  (1883)  pp.  226-59  (1  pi.), 
t  Soo  tliis  Journal,  iii.  (1883)  p.  353. 
t  Ibid.,  p.  639. 

§  Z()ol.  AnziMg.,  vi.  (1883)  pp.  560-2. 

II  **  Private  imprint  from  Lille,  dated  October  30th,  1883."  Cf.  Science,  ilL 
(1884)  pp.  130-1. 
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been  claimed,  and  in  every  case  finds  pores  absent,  or  in  snch  position 
that  it  seems  they  are  either  connected  with  the  functional  byssogenons 
organ,  or,  where  such  is  absent  in  the  adult,  with  the  remnant  of  the 
same.  Barrois  sums  up  his  views  thus  : — No  pores  exist  for  the  in- 
troduction of  water  into  the  circulation ;  the  only  pores  of  the  foot 
are  those  connected  with  the  byssus  organ,  which  never  communicates 
with  the  interior  of  the  foot.  The  blood  may  have  water  introduced 
into  it,  but  this  may  be  effected  by  osmosis,  or  in  some  manner  not 
discussed. 

Visual  Organs  in  Solen.* — B.  Sharp,  referring  to  his  recent 
communication  f  on  the  visu  1  organs  of  Solen  ensis,  states  that  he 
had  since  determined  the  presence  of  similar  organs  in  the  mantles 
of  the  clam,  the  oyster,  and  the  sand-clam.  Their  presence  was 
made  evident  by  the  retraction  of  the  mantles  when  shadows  are 
passed  over  them.  The  structure  of  the  peculiar  cells  supposed  to 
be  primitive  eyes,  was  the  same  as  that  of  the  cells  before  described 
in  the  siphon  of  Solen,  including  the  presence  of  the  transparent 
portion  at  the  end  of  each. 

MolluBCoida. 

Egg  and  Egg^membranes  of  Tnnicata.  X — H.  Fol  finds  that  the 
mature  ovum  of  a  Tunicate  is  composed  of  a  granular  yolk,  containing 
a  female  pronucleus,  with  two  polar  globules  at  the  surface.  A 
gelatinous  layer,  containing  a  very  large  number  of  non-nucleated 
corpuscles,  surrounds  both  the  yolk  and  the  globules,  while  the 
surface  of  the  whole  is  occupied  by  a  layer  of  nucleated  cells,  which 
forms  the  follicle ;  sometimes  this  envelope  is  double,  when  the  outer 
layer  is  composed  of  flattened  cells  united  to  form  a  continuous  mem- 
brane. The  polar  globules  and  the  pronucleus  are  derived  from  the 
germinal  vesicle,  in  which  a  nucleolus,  a  nuclear  plexus,  and  an  envelope 
could  be  detected.  The  corpuscles  of  the  larval  testa  are  homogeneous, 
and  inclose  a  certain  number  of  large  yellowish  granulations  ;  at  first 
they  are  of  a  vesicular  character,  but  at  no  time  have  they  a  true 
nucleus ;  they  owe  their  origin  to  the  superficial  portion  of  ihe  yolk, 
and  arise  from  it  about  the  time  when  the  egg  has  attained  to  half 
its  permanent  size.  In  a  Molgula  these  corpuscles  were  found  to  be 
replaced  by  nucleated  cells,  which  were  distended  by  the  homogeneous 
masses  which  they  contained.  The  overlying  nucleated  cells  are,  in 
a  majority  of  cases,  largely  vacuolated,  but  this  appearance  is  not  to 
be  made  out  before  the  layer  is  complete  and  the  cells  have  been  for 
some  time  superficial  in  position;  their  nucleus  arises  as  a  small 
solid  or  hollow  bud  from  the  germinal  vesicle,  while  the  body  of  the 
cell  is  derived  from  the  yolk :  when  these  cells  are  long  in  appearing 
the  germinal  vesicle  is  apparent  for  the  whole  period ;  when,  on  the 
other  hand,  they  arise  rapidly  and  in  large  numbers  simultaneously, 

♦  Proc.  AcatL  Nat.  Sci.  Philad.,  1884.    Seo  Science,  iii.  (1884)  p.  237. 

t  See  this  Journal,  ante^  p.  39. 

i  Beoueil  Zool.  Suisse,  1.  (1883)  pp.  91-lCO  (2  pli.). 


214  BUlfMABY  OF  OUBBElTr  BESEARCHE8   RSLATINa   TO 

the  vesicle  rapidly  disappears.  There  is  no  relation  whatever  between 
these  constituents  of  the  follicle  and  the  larval  test,  either  as  to  the 
time  of  their  appearance,  or  as  to  their  histological  constitution.  The 
granular  corpuscles  and  the  gelatinous  layer  have  no  relation  to  the 
mantle  of  the  adult  Tunicata,  but  form  a  provisional  or  larval  organ 
of  protection,  which  in  the  genus  Doliclum  takes  on  a  fusiform  shape^ 
which  is  at  first  soft  and  applied  to  the  body  of  the  larva,  but,  later 
on,  becomes  rigid,  and  swells  out  so  that  it  is  separated  by  the 
gelatinous  layer  from  the  contained  larva. 

The  author  postpones  for  the  present  a  consideration  of  the  views 
of  Sabatier,  who,  as  the  readers  of  this  Journal  know,  has  been  a  great 
deal  occupied  with  the  same  subject. 

Simple  Asoidians  of  the  Bay  of  Naples.* — P.  A.  Traustedt  gives 
a  list  of  the  species  of  simple  Ascidians  found  in  the  Bay  of  Naples : 
in  addition  to  the  bibliography  and  description  of  the  species  and 
genera,  there  is  a  classification  of  the  four  genera  of  the  Phallusiida 
and  of  the  Cynthiidad.  The  now  forms  described  are  the  FhMima 
quadrcUa^  oblonga,  malaca,  pusilla^  and  ingeria ;  and  Pdycarpa  mayeri. 

TTmatella  gracilis,  a  Fresh-water  Polyzoan.t — ^A  JMtper  on  this 
polyzoan,  by  Professor  J.  Leidy,  has  been  recently  published.  It  was 
originally  discovered  in  1851,  and  briefly  noticed  in  the  same  year, 
and  also  in  1854, 1858,  and  1870.  It  was  found  in  the  Schuylkill 
Biver  at  Philadelphia,  but  has  not  been  seen  elsewhere,  except  a  dried 
specimen  on  the  shell  of  a  Unio  from  Ohio. 

UmateUa  is  a  most  beautiful  form,  living  in  association  with 
PlumateUa  and  Paludicella^  and  having  similar  habits,  but  is  very 
different  from  them  or  any  other  known  fresh-water  polyzoan.  It 
is  most  nearly  related  to  the  marine  genus  Pedicellina.  It  is  found 
attached  to  the  under  side  of  stones  beneath  which  the  water  can  flow. 
As  commonly  observed,  it  consists  of  a  pair  of  stems  divergent  in 
straight  lines,  or  rather  gentle  curves,  from  a  common  disk  of  attach- 
ment. The  stems  slightly  taper,  and  are  beaded  in  appearance,  due 
to  division  into  segments  alternately  expanded  and  contracted.  The 
segments  commonly  range  from  two  to  a  dozen,  proportioned  to  the 
length  of  the  stem,  which,  when  longest,  is  about  the  eighth  of  an 
inch  or  a  little  more.  The  stems  terminate  in  a  bell-shaped  polyp, 
with  an  expanded  oval  or  nearly  circular  mouth  slanting  to  one  side, 
and  furnished  with  about  sixteen  ciliated  tentacles.  The  stems  also 
usually  give  off  a  pair  of  lateral  branches  from  the  second  segment 
succeeding  the  polyp,  and  frequently  likewise  from  the  first  segment. 
The  branches  consist  of  a  single  segment  or  pedicle  supporting  a  polyp, 
and  usually  give  off  similar  secondary  branches.  The  first  and  second 
segments  are  cylindroid,  highly  flexible,  and  mostly  striated  and 
colourless,  and  appear  mainly  muscular  in  structure.  The  succeeding 
segments  are  urn-shaped ;  the  body  of  the  urn  being  commonly  pale 
brown,  ringed  with  lines,  and  marked  with  dots  of  darker  brown. 

♦  MT.  Zool.  Stat.  Neapcl,  iv.  (1883)  pp.  448-88  (5  pis.), 
t  Sep.  Bcpr.  Journ.  Acad.  Nat.  Sci.  Philad.,  iz.  (1883)  16  pp.  (6  figs,  and 
1  pi.).    Cf.  Science,  ii.  (1883)  pp.  789-90  (2  figs.). 
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The  neck  pedides  of  the  urns  are  black.  The  di£ferent  colonrs  give 
the  stem  a  beaded  and  alternately  brown  and  black  appearance. 
Through  the  lighter  coloured  body  of  the  urns  a  central  cord  can  be 
Been,  extending  through  the  length  of  the  stem.  The  umHshaped 
segments  exhibit  lateral  pairs  of  cup-like  processes,  which  correspond 
In  position  with  the  branches  from  the  terminal  pair  of  segments  of 
the  stem,  and  apparently  indicate  branches  which  have  separated 
from  the  parent-stem  to  establish  themselves  elsewhere  as  new  polyp- 
stocks. 

A  series  of  specimens  of  UmcUella — from  such  as  consist  only  of 
a  simple  cylindrical  flexible  pedicle,  supporting  a  polyp,  to  those  with 
long  stems,  consisting  of  a  dozen  segments — indicates  the  urn-shaped 
segments  to  be  formed  through  segmentation  of  the  originally  single 
simple  pedicle.  The  segments,  therefore,  do  not  correspond  with 
what  were  polyps ;  but  the  terminal  polyp  is  permanent,  and  the 
segments  originate  by  division  from  its  neck,  very  much  as  the  seg- 
ments of  the  tape-worm  arise  from  its  head.  After  the  destruction  of 
the  head,  the  segmented  stem  remains  persistent ;  but  what  becomes 
of  it  ultimately  has  not  been  determined.  Probably  the  segments 
may  serve  the  purpose  of  the  statoblasts  of  other  fresh- water  Polyzoa. 
A  common  mode  of  propagation  of  Umatella  appears  to  be  W  budding, 
the  formation  of  branches  with  their  terminal  polyps,  and  the  detach- 
ment of  these  branches  to  establish  stocks  elsewhere.  The  different 
specimens  apparently  indicate  this  process,  though  it  was  not  actually 
observed. 

Though  the  stem  of  UmaieUa  is  invested  with  a  firm  chitinous 
integument,  it  still  retains  its  flexibility ;  so  that  when  the  polyp  is 
disturbed,  it  not  only  closes  its  bell  and  bends  its  head,  but  the 
entire  stem  bends,  or  even  becomes  revolute.  Sometimes  the  polyps 
suddenly  twist  the  stems  from  side  to  side,  as  if  they  had  become 
wearied  of  remaining  longer  in  the  same  position. 

Structure  and  Development  of  Argiope.* — ^A.  E.  Shipley,  after 
an  account  of  the  external  characters  of  the  two  species  of  this 
Brachiopod — Argiope  neapolitana  and  A,  euneata — which  he  has  been 
able  to  study  at  Naples,  describes  the  structure  of  the  shell,  and 
discusses  the  nature  of  the  mantle  papillad  which  make  their  way  into 
its  cavities,  the  chief  function  of  which  appears  to  be  the  nutrition  of 
the  shell.  It  is  believed  that  the  protrusion  of  the  tentacles  is  pro- 
bably effected  by  the  forcing  in  of  a  perivisceral  fluid,  but  that  their 
retraction  and  curling  movements  are  occasioned,  in  all  probability, 
by  the  muscular  fibres  which  lie  in  their  interior.  There  is  no  anus, 
and  the  ileo-parietal  band  (Huxley)  is  so  feebly  developed  as  to  lead 
to  the  belief  that  it  cannot  afford  any  support  to  the  intestine ;  the 
liver  consists  of  two  branched  glands,  the  secreting  surfiEkce  of  whose 
tubules  is  increased  by  the  elevation  of  their  inner  walls  into  a 
number  of  wedge-shaped  ridges.  Like  other  recent  observers,  the 
author  has  been  unable  to  find  anything  like  a  circulatory  organ,  or 
the  system  of  arteries  and  '*  accessory  pulsatile  organs "  which  have 

*  MT.  Zool.  Stat.  Neapel,  iv.  (1883)  pp.  494-620  (2  pis.). 
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boon  doscribed  by  Hancock  ;  the  vossols  appear  to  be  only  slits  in  the 
tissae ;  the  blood-corpuscles  aro  large  in  comparison  with  the  other 
cells  of  Argiope^  "  which,  like  all  Brachiopod  colls,  are  extremely 
small."  Bespiration  appears  to  be  effected  by  the  mantle,  and  especially 
in  the  region  of  the  perforate  shell,  where  a  large  area  is  constantly 
exposed  to  the  currents  of  water  which  are  set  up  by  the  action  of  the 
ciliated  tentacles. 

After  describing  the  muscular  and  nervous  systems,  the  author 
comes  to  the  female  organs,  no  male  having  been  found  by  him. 
There  aro  two  pairs  of  ovaries,  one  of  which  is  not  constantly  present; 
each  appears  to  be  formed  of  a  membrane  continuous  with  the  body-wall, 
and  covered  by  epithelium  continuous  with  that  of  the  body-cavity ; 
each  ovum  is  surrounded  by  a  very  delicate  nucleated  capsiQe.  The 
ripe  eggs  fall  into  the  body-cavity,  where  they  are  taken  up  by  the 
inner  end  of  the  oviduct,  whence  they  pass  into  the  brood-pouches. 
These  last  ore  invaginations  of  the  lateral  body-wall.  By  invagina- 
tion three  cavities  are  formed  in  the  embryo,  which  at  first  com- 
municate  at  the  end  near  the  blastopore,  but  subsequently  become 
shut  off  from  one  another.  The  central  cavity,  which  is  enteric,  is, 
throughout  the  larval  life,  without  a  mouth  or  anus.  The  two  lateral 
cavities  give  rise  to  the  body-cavity,  and  their  walls  form  the  musoleB 
and  other  mesoblastic  structures ;  sometimes  these  walls  are  so  much 
in  contact  that  the  body-cavity  is  obliterated  in  many  places.  Thud 
embryo  becomes  divided  into  two  segments,  of  whidi  the  anterior 
soon  becomes  again  divided;  four  synmietrically  arranged  eye-spots 
now  appear,  and  four  bundles  of  small  bristles  are  soon  afterwards 
developed  on  the  second  segment.  The  stalk  of  the  adult  is  formed 
from  part  of  the  third  segment  A  little  later  the  larva  escapes  from 
its  mother  and  swims  about  by  the  aid  of  cilia ;  the  setsB  and  the  red 
colour  have  probably  a  protective  function. 

The  author  discusses  the  views  of  Morse  and  Eowalevsky,  that  the 
Brachiopoda  form  an  order  of  Vermes  closely  allied  to  the  GhaBtopoda, 
against  which  he  points  out  that  the  *'  segments  "  of  the  larva  do  not 
seem  to  have  the  value  of  true  metameres,  but  to  be  due  simply  to  the 
formation  of  the  shell  from  the  central  region  of  the  body ;  there  is  no 
trace  of  any  segmentation  of  the  mesoderm,  and  no  organ  exhibits 
serial  repetition.  The  Brachiopod  differs  from  the  ChaBtopod  larva  in 
having  an  alimentary  canal  which  is  not  curved,  nor  divided  into  three 
regions,  nor  provided  with  mouth  or  anus ;  the  body-cavity  is  but 
feebly  developed,  and  there  is  no  provisional  renal  organ.  Brooks 
adopts  the  view  of  Huxley  and  Hancock  that  the  Brachiopoda  are  allied 
to  the  Polyzoa ;  but  Shipley  points  out  that  (a)  Balfour  has  already 
rendered  very  doubtful  the  homologies  of  the  lophophore ;  (&)  that  the 
characteristic  position  of  the  nerve-ganglia  of  Brachiopods  whioh 
remain  in  the  ectoderm,  is  without  parallel  in  the  Polyzoa ;  (c)  there 
are  no  proper  resemblances  between  their  larvas ;  and  (d)  the  rolyzoa 
become  fixed  by  the  pneoral,  the  Brachiopods  by  their  aboral 
extremity. 

Van  Bommelen  would  ally  the  Brachiopods  to  the  GhaBtognathsi 
basing  his  views  chiefly  on  resemblances  in  histological  structure ; 
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to  this,  however,  Shipley  attaches  little  importance,  while  as  to  the 
origin  of  the  mesoblast,  he  points  out  that  a  similar  history  is  found 
in  Echinoderms,  Entcropneusta,  Chordata,  and  probably  PeripcUus, 

The  author  does  not  think  that  the  Brachiopoda  and  Polyzoa  form 
together  a  natural  phylum;  he  would  rather  follow  Gtegenbaur  in 
making  a  **  primary  class  "  of  the  Brachiopoda,  allied  to  MoUosoa,  but 
more  nearly  to  Vermes. 

Arthropoda. 
a.  Inseota. 

Genealogy  of  Insects.* — This  paper,  by  Dr.  A.  S.  Packard,  jun., 
commences  with  a  diagram  illustrating  the  author's  views  on  the 
phylogenetic  relations  of  the  various  groups  of  insects  to  each  other. 
The  lowest  group  is  that  of  the  Thysanura,  and  the  genus  Scolopen- 
drella,  with  its  abdominal  true  legs,  probably  comes  nearest  to  the 
hypothetical  ancestral  form.  The  Dermatoptera,  Orthoptera,  and 
Pseudoneuroptera  present  in  the  larval  condition  more  or  less  close 
resemblances  to  Thysanuran  genera,  and  have  probably  originated 
from  some  such  forms.  The  origin  of  the  Coleoptera  may  probably 
be  traced  to  some  form  like  Campodea ;  and  the  arguments  for  this 
view  are  the  form  of  the  larvaa  of  the  carnivorous  beetles,  especially 
of  the  Carabidaa,  Dytiscidaa,  and  Staphylinidaa,  which  display  on  the 
whole  a  more  primitive  type  than  those  of  other  beetles ;  in  the  phyto- 
phagous larvaB  the  mouth-parts  become  more  aberrant,  and  often 
show  a  tendency  to  become  aborted;  and  in  the  weevils  the  head, 
mouth-parts,  and  logs  undergo  a  gradual  degradation  and  atrophy ; 
the  phytophagous  forms  are  therefore  evidently  more  specialized 
and  less  like  the  ancestral  form  than  the  carnivorous  species.  The 
first  larva  of  the  oil-beetle  (Meloe)  is  very  like  a  Campodea;  the 
second  larval  stage  closely  resembles  a  larval  Carabid;  the  third 
larval  stage  is  again  closely  similar  to  the  larva  of  one  of  the  lamel- 
licom  beetles ;  and,  finally,  the  fourth  stage  with  aborted  mouth-parts 
and  legs  recalls  the  larva  of  the  weevils.  The  metamorphosis  of 
this  insect  is  a  kind  of  shortened  epitome  of  the  development  of  the 
Coleoptera  from  some  Campodea-bke  ancestor,  and  the  resemblances 
of  its  four  larval  stages  to  the  larvaa  of  the  other  Coleopterous  genera 
are  stated  in  a  tabular  form  in  Dr.  Packard's  memoir.  Palaaonto- 
logical  data  are,  however,  not  quite  in  harmony  with  this  view,  since 
the  earliest  known  beetle  is  a  weevil  (the  most  specialized  type)  from 
the  carboniferous  rocks. 

It  is  also  possible  that  some  metabolous  Neuropteron  may  have 
been  the  ancestor  of  the  Coleoptera,  and  the  close  resemblance  of  the 
larva  of  Oyrinus  to  the  larva  of  CorydcUis  and  other  Sialidad  favours 
this  view.  The  three  higher  orders,  Diptera,  Lepidopter  and  a 
Hymenoptera,  had  probably  a  common  origin  in  the  Neuroptera ;  the 
larvad  of  saw-flies  and  the  caterpillars  of  Lepidoptera  are  both  very 
like  Panorpid  larv»;  and  the  maggots  of  Diptera,  especially  the 

*  Amer.  Natural.,  xvii.  (1883)  pp.  932-45  (2  figs.). 
Ser.  2.— Vol.  IV.  Q 
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more  perfectly  developed  Culicidad  and  Tipolidad,  show  considerable 
affinities  to  the  larvaB  of  Lepidoptera. 

The  embryo  bee  has  a  pair  of  temporary  appendages  on  each 
segment,  as  also  have  the  embryos  of  Coleoptera  and  Lepidoptera,  which 
points  to  an  early  Scolopendra-hke  ancestor,  which  in  its  turn  indi- 
cates a  still  earlier  Pertpa(u«-like  ancestor  from  which  the  Myriopoda 
and  Insecta,  at  least,  if  not  the  Arachnida,  have  been  derived. 

Development  of  Antennes  in  Insects.* — J.  Dewitz  does  not  agree 
with  the  accoant  of  the  development  of  the  antennaB  of  insects  given 
by  Graber,  who  thinks  that  the  point  of  insertion  of  the  antemus 
moves  from  the  ventral  to  the  dorsal  aspect  of  the  head.  Dewitz  finds 
that  if  we  make  a  longitudinal  section  through  the  head  of  a  half- 
grown  caterpillar,  we  find  an  elongated  saccular  structure  at  the  base 
of  each  tentacle  ;  these,  which  lie  below  the  sutures  of  the  clypeus,  are 
the  rudiments  of  the  antennaB  of  the  butterfly.  The  sac  in  question 
is  formed  by  the  invagination  of  the  matrix  at  the  base  of  the  cater- 
pillar's tentacle  into  the  interior  of  the  head  ;  the  sac  is  double-walled, 
and  in  young  caterpillars  the  two  walls  are  of  the  same  thickness  and 
lie  close  to  one  another.  Later  on,  the  outer  becomes  thin  and  trans- 
parent, while  the  inner  becomes  folded,  as  it  grows.  The  orifice  of 
the  invaginated  sac  is  at  first  wide,  but  later  on  becomes  narrower. 
Tracheal  and  other  tissues  grow  into  the  cavity  of  the  sac,  and  it  is 
at  their  expense  that  the  antenna  is  formed.  Between  the  two  walls 
there  is  a  layer  of  chitin,  which,  though  very  delicate,  consists  of  two 
lamellaB.  The  author  has  not  yet  been  able  to  determine  exactly  how 
the  antennae  become  free. 

Experiments  with  the  AntennsB  of  Insects.f — C.  J.  A.  Porter 
details  some  experiments  which  he  has  made  on  the  antennaB  of  insects 
with  the  view,  if  possible,  of  determining  their  function,  and  as  the 
result  of  these  experiments  he  has  been  led  to  the  following  oon- 
clusions : — 

1st  The  antennaB  are  not  the  organs  of  any  one  of  the  so-called 
five  senses,  or  of  any  combination  of  them.  It  is  true  that  insects 
often  seem  to  be  able  to  tell  the  difference  between  good  and  bad 
tasting  things  brought  into  contact  with  the  antennas,  but  the 
author  does  "  not  think  we  have  any  reason  for  saying  that  insects 
taste  with  their  antennae,  because  they  dislike  to  have  such  things  as 
pepper-sauce  poured  on  them,  than  we  would  have  for  concluding  that 
a  man  tastes  with  his  nostrils  simply  because  he  would  object  to 
having  them  filled  with  the  same  fluid.  But  on  the  other  hand,  this 
apparent  sense  of  taste  is,  in  many  instances,  nothing  more  than  the 
insect's  desire  to  clean  off  whatever  may  be  put  on  its  antennaB."  They 
are  mostly  kept  very  clean  by  the  insect,  and  are,  as  a  rule,  of  all  parts 
of  the  body  most  free  from  extraneous  matter.  They  seldom  notice  any- 
thing put  to  them  unless  it  be  of  a  nature  to  adhere  to  them.  But 
as  soon  as  anything,  even  pure  water,  sticks  to  them,  they  immediately 
draw  them  through  the  mouth-parts,  and  if  it  be  anything  palatable, 

*  Biol.  Centralbl.,  iii.  (1883)  pp.  582-3. 
t  Amer.  Natural.,  xyIl  (1883)  pp,  1238-45. 
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sngar,  for  instance,  thej  bogin  to  sack  at  it.  But  the  very  fact  that 
often  when  they  get  anything  distasteful  they  begin  to  spit  and  clean 
the  month,  is  enough  to  show  that  they  did  not  get  a  taste  of  it  before 
they  put  it  in  the  mouth.  Aside  from  all  this,  who  ever  saw  an 
insect  use  its  antennsB  to  taste  with  ?  Butterflies  and  similar  insects, 
when  probing  the  deepest  flowers,  hold  them  nearly  erect.  Of  many 
others,  such  as  the  bee,  wasp,  &c.,  they  scarcely  reach  to  the  lower 
part  of  the  head,  not  to  take  into  accoont  the  length  of  the  extended 
tongue. 

2nd.  It  does  not  appear  that  the  power  of  direction  is  in  the 
antennad.  It  is  true  that  some  insects  seem  to  have  lost  the  power  of 
directing  their  flight  when  the  antennaa  are  cut  off.  But  besides  the 
fact  that  many  others  are  not  so  affected,  we  know  that  many  of  those 
that  are,  soon  recover  and  are  able  to  move  about  as  well  as  ever. 

3rd.  He  is  inclined  to  adopt  the  opinion  of  Trouvelot  that  the 
antennaB  are  the  organ  of  some  sense  not  possessed  by  us,  though  not 
one  supplementary  to  that  of  sight.  True,  it  seems  in  many  cases  as 
though  insects  deprived  of  their  antennsd  are  somewhat  blind,  but  in 
vastly  more  instances  they  do  not  seem  so. 

Epidermal  Glands  of  Caterpillars  and  Malachins.* — The  follow- 
ing are  the  principal  results  obtained  by  S.  Klemensiewicz. 

(1)  The  eighth  and  ninth  segments  of  the  larvsB  of  Liparis,  Leucoma^ 
Orffyia^  and  Parthesia  auriflua,  have  each  a  little  protuberance  on  the 
median  dorsal  line,  with  the  opening  of  a  gland  at  the  summit.  The 
secretion  is  clear  and  odourless ;  the  skin  is  invaginated  at  the  top  of  the 
papilla  to  form  a  pendent  sac,  at  the  base  of  which  are  inserted  two 
muscles  running  obliquely  backwards ;  and  there  also  open  two  glands 
by  a  conmion  duct.  The  external  surface  of  the  glands  is  smooUi,  but 
in  their  interior  each  gland-cell  forms  a  separate  bulging  mass ;  the 
appearance  thus  presented  is  singular.  The  lumen  of  the  duct  is  very 
snudl ;  its  thick  walls  are  formed  by  two  large  cells,  much  like  those 
of  the  gland  proper.  In  Leucoma  salicis  there  are  quite  similar 
glands  on  the  fourth  and  fifth  segments.  (2)  The  exsertile  horns  of 
Papilio  Machaon,  larva,  are  described.  They  are  really  developments 
of  the  tegument  The  epidermal  cells  of  Uieir  walls  are  large,  and 
contain  numerous  rod-shaped  bodies ;  but  the  cells  at  the  base  of  the 
horns  are  much  smaller  and  glandular  (their  secretion  being  probably 
discharged  through  pores  of  the  adjacent  cuticula).  It  may  be 
assumed  that  the  odorous  secretion  accumulates  in  the  invaginated 
boms,  and  is  freed  by  their  exsertion.  (3)  The  caterpillar  of 
Harpyia  vinula  has  a  gland  in  the  first  segment,  opening  ventrally. 
The  gland  is  flask-shaped,  the  neck  acting  as  duct,  and  opening  into 
a  large  transverse  fissure ;  the  body  of  the  flask  is  the  gland  proper, 
and  IS  lined  by  polygonal  epithelial  cells,  with  irregularly  shaped 
nuclei ;  the  epithelium  rests  upon  a  thin  tunica  propria.  (4)  A 
similar  organ  to  the  last  mentioned  was  described  in  Vanessa  larvos 
by  Bogenhofer.f     It  is  an  invagination  of  the  skin  on  the  ventral  side 

♦  Verb.  Zool.-Bot  Gesell.  Wien,  xxxil  (1883)  p.  459.  Cf.  Science,  ii  (1883) 
p.  632. 

t  Ibid.,  xiu  p.  1227. 
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of  iho  first  segment ;  its  cutionla  is  thin,  and  forms  nmnerons  litUa 
cups,  under  each  of  which  is  a  thin  epithelial  cell.  (5)  The  orange- 
coloured  fleshy  warts  on  the  sides  of  the  thorax  ana  abdomen  <^ 
Malachtua  are  also  glandular.  The  epidermis  presents  no  Bpeoial 
features  in  the  warts,  except  that  it  bears  scattered  unioellnlar  glandfl 
of  the  form  typical  for  insects ;  they  are  flask-shaped,  with  a  ooilBd 
cuticular  duct  in  their  interior,  the  duct  being  continuous  with  a  poi^ 
canal  through  the  general  cuticula  of  the  wart.  In  the  lower  And 
larger  end  of  each  cell  lies  the  round  nucleus. 

Classification  of  Orthoptera  and  Neuroptera.*— Dr.  A.S.  Packard, 
jun.,in  a  preliminary  notice  abstracted  from  the  forthcoming  3rd  report 
of  the  U.S.  Entomological  Commission,  considers  **  the  position  ot&e 
Orthoptera  in  reference  to  allied  amctabolous  insects."  The  fonr  orders, 
Neuroptera,  Pseudoneuroptera,  Orthoptera,  and  Dermatoptera  toe 
united  into  a  "  super-order  '*  Pbyloptera,  the  name  implying  that  these 
insects  are  closely  allied  to  the  primitive  form  whence  all  the  higher 
insects  (Lepidoptera,  &c.)  have  been  derived.  The  main  characters  of 
the  Phyloptera  are  as  follows : — mouth-parts  free,  adapted  for  biting ; 
mandibles  toothed :  first  maxillaa  separate,  second  moxillad  united  to 
form  a  labium.  This  primitive  condition  of  the  mouth-parts  is  also 
to  be  seen  in  larvas  of  Coleoptera.  The  prothorax  is  generally  large, 
the  meso-  and  metathorax  equal  in  size.  The  wings  are  usually  net- 
veined,  the  hind-wings  being  often  larger  than  the  front  pair.  The 
abdomen  has  ten  segments  and  the  rudiments  of  an  eleventh*  Meta- 
morphosis is  incomplete  except  in  the  highest  order  Nenroptera. 
The  lowest  of  the  four  orders  ore  the  Dermatoptera  and  the  typioal 
genus  Forficula  combines  many  characters  of  the  higher  group :  thus 
the  elytra  and  hind-wings  anticipate  those  of  the  Coleoptera,  and  the 
larva  resembles  the  Thysanuran  Japyx ;  its  metamorphosis  is  even  leas 
complete  than  in  the  Orthoptera.  The  next  highest  group  is  that  of 
the  Orthoptera,  and  the  metamorphosis,  though  more  markod  than  in 
the  last  mentioned,  is  less  marked  than  in  the  Pseudoneuroptera,  which 
form  the  next  group.  The  author  divides  the  Pseudoneuroptera  into 
three  sub-orders:  (1)  Platyptera  (TermitidaB,  Perlid®,  &o.) ;  (2)  Odo- 
nata  (LibellulidaB) ;  (3)  Ephemerina  (EphemeridaB).  In  the  last 
group  the  Neuroptera-metamorphosis  is  complete ;  this  order  is  divided 
into  two  sub-orders,  Planipennia  (Hemerobiid®,  &o.)^  and  Tricho- 
ptera  (PhryganeidsB) ;  in  the  Trichoptera  the  mandibles  are  nearly 
obsolete,  thus  suggesting  or  anticipating  the  Lepidoptera. 

The  paper  concludes  with  a  tabular  arrangement  of  the  hexapodons 
insects  divided  into  super-orders,  orders,  and  sub-orders. 

Sucking  Organs  of  Flies.t  —  K.  Krapelin  commences  with  a 
description  of  the  *'  proboscis  "  of  Musca,  in  which  he  points  out  that 
the  second  pair  of  maxillse  give  rise  to  a  conical  piece,  which  has  thin 
walls  and  can  be  withdrawn  into  the  firmer  parts  of  the  head  capsule ; 
the  retractile  portion  may  be  spoken  of  as  the  "  cephalic  cone,"  and 

*  Ann.  and  Mag.  Nat  Hist.,  xii.  (1883). 

t  Zeitflcbr.  f.  Wiss.  Zoo!.,  xxxix.  (1883)  pp.  684-719  (2  pis.). 
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the  lower  lip,  upper  lip,  and  hjpopharjnx  as  the  proboecis  proper. 
The  former  is,  superiorly,  provided  with  a  pair  of  simple  palps,  which 
appear  to  be  the  remnants  of  the  mandibles,  the  latter  luu9  on  upper 
side  a  deep  longitudinal  groove,  in  which  lie,  one  above  the  other,  the 
two  unpaired  chitinous  stilets. 

The  upper  of  these  appears  to  be  the  direct  prolongation  of  the 
superior  and  anterior  edge  of  the  cephalic  cone ;  the  free  portion  can 
be  bent,  but  the  basal  part  is  connected  with  the  head.  The  hypo- 
pharynx  is  a  longitudinally  compressed  hollow  cone,  and  its  groove, 
opposite  to  that  of  the  upper  lip,  unites  with  it  to  form  a  tube  which 
opens  into  the  digestive  canal ;  it  is  traversed  internally  by  the  ducts 
of  the  thoracic  salivary  glands,  which  open  at  its  tip ;  the  true  mouth- 
opening  may  be  regarded  as  being  placed  at  the  anterior  end  of  tho 
small  chitinous  capsule,  and  at  the  point  where  the  upper  lip  and 
the  hypopharynx  are  inserted.  The  lower  lip  does  not,  as  in  other 
Diptera,  or  in  Hemiptera,  form  the  true  sucking  tube,  but  is  a  support 
for  it.  After  describing  in  great  detail  all  the  accessory  points,  the 
author  passes  to  the  musculature  and  the  mode  of  action  of  the 
proboscis. 

The  proboscis  is  drawn  into  the  head  by  two  pairs  of  muscles,  and 
these,  in  retracting,  cause  also  a  flexion  of  the  lower  lip ;  these  strong 
muscles  are  aided  by  two  pairs  which  are  less  well  developed,  and 
one  of  these  seems  to  effect  tho  double  folding  which  is  to  be  noticed 
in  the  basal  membrane  of  the  cone.  While  the  action  of  the  above- 
men  tionod  muscles  is  not  difficult  to  understand,  it  is  less  easy  to  see 
how  the  protrusion  of  tho  proboscis  is  effected.  What  is  wanted  in 
the  way  of  fulcrum  for  tho  muscles  seems  to  be  made  up  for  by  the 
disposition  of  the  tracheal  system  of  this  region ;  the  limbs  which 
enter  the  head  swell  out  into  (apparently  two)  large  vesicles,  which, 
when  the  proboscis  is  protruded,  occupy  the  whole  of  the  internal 
cavity,  so  far  as  this  is  not  occupied  by  tiie  nerve-centres,  optic  nerves, 
and  cephalic  vesicle.  When  these  contract,  room  is  made  for  the 
inpressing  fulcrum,  without  any  disturbance  of  the  surrounding 
organs. 

Special  movements  appear  to  be  confined  to  the  upper  lip ;  it  is 
straightened  out  by  a  delicate  pair  of  muscles,  which  are  opposed  by 
another  pair,  whose  chief  function  would  appear  to  be  to  bring  into 
contact  the  two  halves  of  the  sucking  groove.  The  movements  of  the 
labella  are  next  described,  and  then  the  process  of  sucking  is  taken 
up ;  a  fly  is  not  only  able  to  take  in  fluid,  it  can  also  feed  itself  on 
solid  matters  suspended  in  liquid.  This  injection  of  material  appears 
to  be  effected  on  the  method  of  the  suction-pump,  the  movable  piece 
being  represented  by  the  upper  plate  of  the  base  of  the  fulcrum, 
which,  as  it  is  drawn  up,  carries  the  fluid  into  the  fulcral  canal ;  the 
depression  of  this  plate  drives  tho  nutriment  to  either  side,  unless  the 
anterior  portion  of  the  plate  has  descended  first  and  so  formed  a  kind 
of  safety-valve,  in  which  case  the  fluid  passes  backwards  into  the 
oesophagus. 

Solid  substances  are  dissolved  by  the  action  of  three  pairs  of 
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glikodd^  which,  in  ft  !•  ose  vmj.  are  spoken  of  m  ailiwy ;  Hie 
ft£yl  the  be«^t  knovn  of  tLe«e  lies  in  the  thorax,  ukd  its  ■ocretioi 
into  tvo  dcetd.  vLich  unite  with  one  another  in  the  faeacL  This 
unpaired  doct  paaecrg  along  the  lower  fide  of  the  folemm,  tiafciBW 
the  faTpopLarvLx.  and  opens  at  its  tip.  Jost  before  it  paMea  into  llie 
^TP^P^^^^T^^  ^^'^  ^°^*  ^*  prori.led  with  a  sim]^  TalTiilar  aBmiig&- 
ment,  which  n-gnlates  the  supplj  of  the  flnid ;  there  is  soty  bowerer, 
anj  rrj^flerToir  in  o^nnection  with  this  valTe,  as  was  imagiiifid  by 
Heinert,  nor  is  there  anj  pomp-like  arrangement,  such  as  is  fovod  m 
the  Hemipt«.*ra.  A  second  pair  of  aalivarr  glands  lie  at  the  base  of 
the  knob  of  the  proboscis,  and  form  large-celled  loimded  spheres ;  the 
ducts  of  these  glands  hare,  notwithstanding  the  investigatioDS  of 
Graber,  Meinert,  anil  Becher,  nerer  jet  been  disooTered ;  after  mndi 
troable  the  aathor  was  able  to  find  their  common  orifioe  at  the  tip  of 
the  saperior  plate  of  the  lower  lip ;  each  gland  gives  off  a  bundle  of 
fine  canals,  which  finally  open  into  a  common  efferent  doct.  The 
third  set  of  glandular  cells  which  lie  near  the  OBSophagos  are  not 
provided  with  a  common  doct ;  thej  open  bj  nomeroos  canalicoli  into 
the  osfiophagos. 

Where  the  proboscis  is  not  coTcred  by  thick  chitinoos  plates  it  has 
Tcry  thin  and  short  hairs,  which  are  mere  projections  of  the  chitinoos 
inTestment,  and  are  neither  hollow  nor  proTided  with  nerres.  In 
addition  to  these  there  are  tactile  hairs,  glandolar  seta^  and  gostatoiy 
organs. 

The  hairs  are  chiefly  dereloped  on  the  opper  edge  of  the  labellsr 
coshions,  and  have  the  form  of  delicate  hollow  hairs  provided  with 
a  fine  nerre  which  arises  directly  from  a  malticellolar  ganglion. 
With  these  hairs  Krapelin  woold  associate  the  hairs  which  hare 
been  described  by  previoos  authors,  and  which  are  placed  in  two 
longitudinal  rows  on  the  opper  lip  and  pharynx.  They  do  not 
appear  to  have,  as  has  been  supposed,  the  function  of  gustatory 
organs,  but  are  rather  means  by  which  the  firm  particles  that  are 
socked  in  may  bo  felt  and  retained. 

The  glandular  hairs  are  especially  well  developed  on  the  outer 
surface  of  the  labclla,  and  are  distinguished  by  their  enormous  sise ; 
they  are  cylindrical  in  form,  and  have  at  their  base  a  pyriform  thin- 
wallod  structure  in  which  a  number  of  rounded  cells  are  inclosed  as 
in  a  sac.  The  author  cannot  agree  with  Eunckel  or  Gazagnaire  in 
ascribing  a  nervous  character  to  these  bodies,  inasmuch  as  the  deep 
grooves  which  are  found  on  them  speak  rather  to  their  glandular  ana 
excretory  function. 

The  gustatory  organs  are  placed  on  the  inner  face  of  the  labellar 
cushions,  and  each  forms  two  palo  concentric  rings  which  do  not 
project  above  the  integument,  and  cannot,  therefore,  have  any  tactile 
function ;  nerve-fibres,  with  a  contained  transparent  axial  cord,  could 
bo  made  out  in  thin  sections,  and  the  relations  of  this  demonstrated 
clearly  that  it  was  a  sensory  organ  that  had  to  do  directly  with 
chemical  stimuli.  The  nerves  which  supply  all  the  labellar  organs 
form  two  large  limbs  in  the  lower  lip.  The  author  hopes  to  extend 
his  invcstigutiouH  to  other  forms  among  the  Diptera. 


ZOOLOGY   AND  BOTANY,   MIOBOSOOPY^  ETC.  223 

Visceral  Nervous  System  Qf  Feriplaneta  orientalis.*  —  M. 
Eostlor,  after  a  detailed  notice  of  the  work  of  preceding  anatomists, 
commences  with  the  unpaired  visceral  nervous  system,  which  can  be 
best  studied  by  the  method  of  sections :  he  finds  in  it  (1)  a  frontal 
ganglion ;  (2)  the  nerve  on  the  oesophagus  and  crop ;  (3)  the  large 
triangular  ganglion  on  the  crop ;  and  (4)  the  two  nerves  thence  given 
off  with  their  accessory  ganglia.  In  the  first  of  these  we  find  the  so- 
called  central  dotted  substance,  and  it  is  surrounded  by  a  layer  of 
ganglionic  cells;  these  last  are  traversed  by  a  special  supporting 
substance  such  as  Dietl  has  found  in  the  cerebrum ;  from  the  neuri- 
lemma surrounding  the  ganglion  fine  connective  cords  pass  off  in  all 
directions  towards  the  central  mass;  the  ganglionic  spheres  are 
always  of  a  larger  size  than  they  ever  are  in  tiie  brain;  they  are 
rarely  pyriform  in  shape,  and  never  have  any  investment ;  the  proto- 
plasm is  collected  into  nuclear  masses  of  some  size,  and  a  concentric 
disposition  of  the  layers  is  easily  seen.  The  spheres  are  almost 
always  unipolar,  bipolar  cells  being  very  rare,  and  multipolar  only 
once  observed,  and  this  may  have  been  due  to  an  optic  illusion. 

The  unpaired  visceral  nerve  has  exactly  the  same  structure  as 
that  of  the  conmussures  of  the  ventral  ganglionic  chain,  and  the  grey 
granular  fibres  call  to  mind  the  sympathetics  of  the  Vertebrata.  The 
large  ganglion  on  the  crop  has  a  very  similar  constitution  to  that  of 
the  frontal  ganglion. 

With  this  unpaired  system  there  is  correlated  a  paired  visceral 
system  of  nerves ;  the  development  of  one  standing  in  opposition  to  that 
of  the  other.  It  consists  of  a  number  of  small  oval  ganglia  which  lie 
on  either  side  of  the  median  unpaired  nerves,  and  are  connected  with 
the  brain ;  they  have  the  usual  fibrillar  structure,  and  have  a  few 
elongated  ganglionic  nuclear  masses  imbedded  in  them.  Their  chief 
function  appears  to  be  to  innervate  the  large  salivary  glands. 

The  true  sympathetic  nerve  can  be  seen  by  removing  the  ventral 
ganglionic  chain,  and  treating  it  for  a  short  time  with  the  vapour  of 
osmic  acid;  two  sets  of  nerves  will  then  be  distinguished,  for  the 
ventral  chain  will  be  found  to  have  taken  a  distinctly  dark  coloration, 
while  between  the  longitudinal  commissures  much  lighter  nerves  are 
to  be  seen.  Almost  in  the  middle  of  every  such  commissure,  alter- 
nating now  to  the  right,  now  to  the  left,  there  will  be  seen  passing  off 
a  fine  nerve ;  at  the  level  of  the  ventral  ganglia  this  nerve  divides 
into  two  parts,  each  of  which  swells  out  into  a  small  spindle-shaped 
ganglion,  and  then  passes  into  the  lateral  nerve  given  off  from  the 
ganglion,  its  own  pale  fibres  mixing  with  the  cerebro-spinal,  and  taking 
the  same  course  as  the  peripheral  nerves. 

The  author  thinks  that  when  we  make  a  general  comparison 
between  the  visceral  nervous  system  of  Arthropods  and  of  Vertebrates 
we  can  have  no  doubt  that  the  true  sympathetic  of  the  one  is  that 
also  of  the  other.  Its  relation  to  the  ventral  chain  is  reversed  indeed. 
The  unpaired  nerve  is  cerebral  and  corresponds  to  the  vagus,  and  its 
grade  of  development  is  dependent  on  that  of  its  possessor,  so  that  in 

♦  Zeitsc^r.  f.  Wiss.  Zool.,  xxxix.  (1883)  pp.  572-96  (1  pi.). 
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the  larval  stage,  when  the  organism  needs  more  food,  it  is  larger  thaa 
it  is  later  on.  Differences  are  to  be  seen  in  the  disposition  of  the 
appended  ganglia,  but  the  great  ganglion  frontale  is  perhaps  a 
separated  portion  of  the  cerebrum,  which  owes  its  special  position  to 
the  development  of  the  anterior  portion  of  the  digestive  tract. 

Pnlsating  Organs  in  the  Legs  of  Hemiptera.*  —  Conflicting 
opinions  have  been  held  regarding  the  pulsating  organs  that  have 
from  time  to  time  been  observed  in  the  legs  of  certain  Hemiptera. 
W.  A.  Locy  records  some  observations  which  enable  him  to  say  that 
these  organs  are  distinct  from  the  muscular  system  of  the  legs,  and 
that  they  influence  circulation.  Their  automaticity  was  also  observed. 
Specimens  for  examination  were  chosen  with  reference  to  the  trans- 
parency of  their  legs,  as  it  is  upon  this  point  the  success  of  observation 
depends.  Both  larval  and  adult  forms  of  the  genera  studied  were 
used,  but  the  best  results  were  uniformly  obtained  with  the  larval 
forms,  for  the  above  reason.  In  some  cases  special  methods  were 
necessary  to  render  the  legs  transparent  enough  for  observation. 
For  this  purpose  the  integument  of  the  legs  was  scraped  very  thin. 
The  organs  can  be  demonstrated  in  this  manner,  even  in  the  thick 
legs  of  the  adult  Belostonue.  They  are  most  easily  seen  in  the 
legs  of  Notonecta  and  Corixa,  but  are  not  so  large  and  pronounced 
as  in  the  legs  of  the  Nopids.  In  the  more  transparent  individuals 
not  only  are  the  organs  readily  seen,  but  the  circulation  of  the 
blood  can  be  watched  with  a  power  high  enough  to  bring  out  the 
corpuscles. 

y,  Araohnlda. 

Vitelline  Nucleus  of  Araneina.t— A.  Sabatier  adopted  the  follow- 
ing method  in  his  investigation  into  the  structure  of  the  ova  of  spiders. 
The  animals  were  opened  while  alive  in  a  few  drops  of  alcohol,  so  as 
to  harden  and  fix  the  eggs  at  once  ;  sometimes,  though  rarely,  osmic, 
picric,  or  acetic  acid  was  used.  The  eggs  were  stained  with  Beale's 
carmine  or  picrocarminate  of  ammonia;  after  washing,  they  were 
placed  in  phenicated  glycerine. 

The  vitelline  nucleus  was  observed  in  all  the  Araneids  examined ; 
its  presence  is  ordinarily  marked  by  its  affinity  for  the  colouring  matters 
which  are  taken  up  by  the  yolk.  Sometimes,  indeed,  its  presence  is 
only  revealed  by  the  existence  on  its  surface  of  refractive  granules 
which  mark  out  its  spherical  form.  In  Tegenaria  agrestia  it  is  often 
very  distinct. 

This  nucleus  arises  in  the  neighbourhood  of,  or  even  in  contact 
with  the  germinal  vesicle  under  the  form  of  a  mass,  which,  speaking 
generally,  differs  from  the  yolk  by  being  more  finely  and  evenly 
granular,  by  a  greater  affinity  for  colouring  matters,  and  sometimes 
by  higher  refractive  power.  It  has  a  massive  and  not  vesicular 
structure ;  when  it  does  not  undergo  stratification  it  consists  of  a 
spherical  mass  of  protoplasm,  without  membrane  or  nucleolus,  and 
with  no  chromatin-plexus,  though  it  probably  has  some  chromatin 

♦  Amer.  Natural.,  xviii.  (1884)  pp.  13-9  (1  pi.), 
t  ComptcH  BenduB,  xcvii.  (1883)  pp.  1570-2. 
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diffdsed  through  it.  It  is  possible,  but  the  question  must  still  remain 
an  open  one,  that  it  is  merely  a  massiye  nucleus.  It  gradually 
separates  itself  from  the  neighbourhood  of  the  germinal  vesicle,  and 
passes  to  the  periphery  of  the  yolk ;  it  becomes  more  granular,  and 
undergoes  dimntegration ;  its  elements,  divided  into  small  globules, 
independent  of  one  another,  are  in  parts  absorbed  by  the  yolk,  or 
gradually  become  merged  in  the  superficial  granular  protoplasm.  The 
vitelline  nucleus  may,  therefore,  be  looked  upon  as  a  centrifugal 
element,  which  tends  to  eliminate  itself  or  to  lose  its  *'  autonomy." 
Sabatier  regards  it  as  an  element  of  male  polarity,  which  is  destroyed 
as  such  to  accentuate  and  complete  the  sexuality  of  the  female  cell. 

Eestoration  of  Limbs  in  Tarantula.* — H.  C.  McCook  recently 
exhibited  a  tarantula  which  hod  been  kept  in  confinement  nearly  a 
year,  fed  during  winter  on  raw  beef  and  in  summer  on  grasshoppers. 
In  the  spring  it  cast  its  skin  by  a  laborious  process,  in  the  course  of 
which  it  lost  one  foot  and  two  entire  legs.  Last  summer  again, 
during  the  latter  part  of  August,  the  animal  moulted;  the  moult 
being  a  perfect  cast  of  the  large  spider — skin,  spines,  daws,  the  most 
delicate  hairs  all  showing,  and  their  corresponding  originals  appearing 
bright  and  clean  upon  the  spider.  The  moulting  occurred  during 
Dr.  McCook's  absence,  but  was  just  finished  when  he  returned.  When 
the  cast-ofif  skin  was  removed  it  showed,  as  might  be  supposed,  the 
dissevered  members  to  bo  lacking.  But  on  looking  at  the  spider 
itself,  it  was  seen  that  new  limbs  had  appeared,  perfect  in  shape  but 
somewhat  smaller  than  the  corresponding  ones  on  the  opposite  side  of 
the  body.  The  dissevered  foot  was  also  restored.  The  loss  of  the 
opportunity  to  see  the  manner  in  which  the  legs  were  restored  during 
moult  was  greatly  regretted ;  bnt  we  have  some  clue  from  the  careful 
and  interesting  studies  of  Mr.  Blackwall.  Several  spiders  whose 
members  had  been  previously  amputated,  were  killed  and  dissected 
immediately  before  moulting.  In  one  of  these  the  leg  which  was 
reproduced  was  found  to  have  its  tarsal  and  metatarsal  joints  folded 
iu  the  undotachcd  half  of  the  integument  of  the  old  tibia.  Another 
like  experiment  was  made  mth  an  example  of  Tegenaria  civilts.  The 
reproduced  leg  was  found  complete  in  its  organization,  although  an 
inch  in  length,  and  was  curiously  folded  in  the  integimient  of  the 
old  coxa,  which  measured  only  1/24  in.  in  length.  Dr.  McCook's 
tarantula  had  lost  both  legs  close  up  to  the  coxaa,  and  in  the  moult 
the  hard  skin  formed  upon  the  amputated  trunks  was  wholly  unbroken, 
showing  that  the  skin  had  been  cast  before  the  new  leg  appeared. 
We  risk  nothing  in  inferring  that,  as  in  the  case  of  Blackwall's 
Tegenaria,  the  rudimentary  legs  were  folded  up  within  the  coxae,  and 
appeared  at  once  after  the  moulting,  rapidly  filling  out  in  a  manner 
somewhat  analogous  to  the  expansion  of  the  wings  in  insects  after 
emerging. 

Morphology  of  Flumicolous  SarcoptidsB.t — E.  L.  Trouessart 
and  P.  Mcgnin  have  a  second  note  on  this  subject,  in  which  they 
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point  out  that,  though  most  plamicolons  Sarcoptids  are  oyiparotis,  some 
are  yiviparous  (e.  g.  Fry  ana)  ;  the  coyering  of  the  egg  is  some  times 
tubercular  and  sculptared,  and  in  Analges  fuscus  has  a  double  row  of 
cells,  comparable  to  the  ring  of  certain  sporangia,  and  forming  an 
organ  of  dehiscence.  The  dorsal  tegumentary  plates  are  not  always 
granular,  as  in  the  species  studied  by  Bobin ;  they  are  often  per- 
forated or  reticulated.  The  nymphs  are  sometimes  found  under  two 
forms,  which  differ  in  size.  The  curious  red-coloured  vesicles  which 
are  found  on  the  flanks  of  a  species  of  Pterolichua  may  be  regarded  as 
secondary  sexual  organs;  the  female  has  two,  the  male  one  pair. 
When  highly  magnified  they  have  the  appearance  of  a  flattened 
uniform  plate,  formed  of  a  large  number  of  tubes  which  open  into  an 
excretory  canal,  the  orifice  of  which  is  lateral  or  posterior.  The  red 
colour  is  due  to  a  liquid  which  fills  the  tubules.  They  appear  to  be 
modified  segmental  organs,  but  their  function  is  still  ui^own. 

8.  Orofltaoea. 

Sexual  Characters  of  Limulns.* — B.  F.  Eoons  has  been  puzzled 
by  the  fact  that  no  cast-off  shells  of  Litnulus  bearing  the  characteristio 
modified  claw  of  the  male  have  been  found  ;  ho  now  sees  that  this  is 
to  be  explained  by  the  young  male  having  the  claws  of  the  second  pair 
of  appendages  similar  to  those  of  the  female ;  as  no  large  exuviie  have 
been  found  it  is  probable  that  the  fully  grown  Limulm  does  not  shed 
his  integument.  Howsoever  young  specimens  may  be,  the  sexes  are 
to  be  distinguished  by  the  transverse  slits  of  the  oviducts,  and  the 
papillsB  with  terminal  circular  orifices  in  the  male.  Females  are  larger 
than  males,  and  the  carapace  of  large  specimens  is  overgrown  with 
algaa,  and  appears  rusty  and  aged,  while  those  of  smaller  examples 
are  bright  and  clean,  pointing  to  their  being  frequently  shed ;  indeed 
the  covering  appears  to  be  dbed  several  times  during  the  first  year. 
While  the  entire  length  of  the  oxuvia  may  be  omy  4  *  0  mm.  the 
escaped  young  measure  7*1  mm. :  an  exuvia  of  7*0  nmL  has  a  naked 
young  of  10*7  nmi.,  while  when  the  shed  integument  is  29  mm.  the 
escaped  young  have  been  found  to  be  as  much  as  40  mm.  in  length. 
Corresponding  differences  obtain  in  the  different  parts  of  the  animaL 

Evidence  of  a  Frotozoea  Stage  in  Crab  Beyelopmentf — There 
is  great  interest  attached  to  speculations  as  to  the  probable  ancestry 
of  the  Decapods,  owing  to  the  value  which  the  conclusions  have  in 
enabling  us  to  interpret  palsBontological  facts.  There  have  been  quite 
a  number  of  theories  advanced  as  to  the  original  stem  from  which  the 
Decapods  have  been  derived,  two  of  which  claim  especial  attention. 
One  is  the  theory  of  Miiller,  who  finds  such  a  stem  form  in  the  zoea. 
Another,  suggested  by  Glaus,  or  in  a  different  form  by  Brooks^ 
considers  the  protozoea  as  the  ancestral  stem.  It  is  of  great  im- 
portance in  understanding  the  Crustacea  to  decide  between  these  two 
views,  inasmuch  as  by  the  first  view  Crustacea  are  supposed  to  have 
descended  from  a  form  without  a  thorax,  while  according  to  the 
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second,  the  thorax  was  preseut  in  the  original  Decapod  stem.  Some 
work  done  by  H.  W.  Conn,  daring  the  last  summer,  upon  the  larval 
cuticle  of  crabs,  indicates  conclusively  (it  is  claimed)  that  the  latter 
view  is  the  correct  one,  or  that  at  least  Fritz  Mtiller's  view  is  incorrect. 
The  larval  skin,  particularly  the  telson  of  a  large  number  of  crab 
zoeas,  was  studied  with  the  following  results. 

The  larval  skin  is  not  in  different  crabs  alike,  nor  is  it  in  any 
case  exactly  similar  to  the  inclosed  zoea.    There  is  always  an  in- 
dication more  or  less  complete,  of  some  previously  existing  stage. 
There  has  been  shown  in  the  various  forms  studied  a  gradation  from 
the  larval  skin,  with  little  difference  from  the  zoea  inclosed,  to  a 
larval  skin  which  is  utterly  unlike  the  zoea,  but  which  possesses  a 
forked  tail  with  fourteen  long  feathered  spines.     This  gradation  is 
complete,  and  a  study  of  the  different  embryonic  telsons  shows  that  all 
have  been  derived  from  the  form  shown  by  Panopeus,  which  has  a 
forked  tail  with  fourteen  spines.    Now,  such  a  larval  skin  is  to  be 
considered  simply  as  the  cast-off  skin  of  some  stage  immediately 
preceding  the  zoea.    It  has  been  shown  by  Paul  Meyer  that  the  study 
of  the  skin  of  Macroura  leads  to  a  similar  result,  that  a  forked  tail 
with  fourteen  spines  is  also  seen  in  the  early  history  of  this  group. 
If,  therefore,  a  form  can  be  found  which  shows  these  peculiarities,  we 
have  reason  for  accepting  it  as  the  stem  form  of  the  higher  Crustacea. 
Now  a  study  of  the  different  protozoea  forms  which  occur  in  the 
ontogeny  of  various  Macroura  shows  that  we  have  in  this  form  a  stage 
which  fulfils  the  conditions.   It  has  the  forked  tail  with  fourteen  spines 
and  has  large  swimming  antennae,  another  peculiar  characteristic  of  the 
crab  larval  cuticle.    If  the  various  larval  skins  of  crabs  and  Macroura 
be  compared  with  each  other,  it  will  be  seen  that  they  are  all  to  be 
considered  as  modifications  of  a  tail  much  like  that  present  in  the 
larval  skin  of  Panopeus;  and  if  this  tail  be  compared  with   the 
protozoea  tail  of  Peneus,  the  likeness  will  be  seen  to  be  very  striking. 
We  have,  therefore,  in  the  comparative  study  of  the  larval  cuticle  of 
crabs,  good  reason  for  accepting  as  the  stem  form  of  the  Decapods  a 
form  which  had  resemblance  to  a  protozoea. 

Oastric  Mill  of  Decapods.* — F.  Albert  has  studied  the  digestive 
or  gastric  mill  of  Decapod  Crustacea  in  great  detail,  in  the  descrip- 
tions of  which  he  makes  use  of  the  nomenclature  proposed  by 
Nauck. 

The  simplest  arrangements  of  the  hard  parts  in  the  gastric  wall  of 
Deoapoda  are  to  be  found  in  the  prawn-like  forms,  where,  however, 
there  is  not  so  much  a  primitive  type,  as  well-developed  characteristics 
which  it  is  sometimes  difficult  to  bring  into  association  with  the 
majority  of  forms,  owing  to  the  absence  of  certain  intermediate  links. 
Among  the  Natantia  we  find,  on  the  one  side,  forms  in  which  the 
cardiac  apparatus,  and  others  in  which  the  pyloric  part  of  the  organ 
is  best  developed.  In  both  cases  the  same  plan  has  been  followed ; 
two  paired  and  lateral  teeth  have  entered  into  a  physiological  conneo- 
tion  with  an  unpaired  median  process.    At  the  end  of  one  line  of 
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development  we  findasuperomedian  tooth  with  superolateral  BtractnreSy 
and  in  the  other  the  tooth  of  the  inferomedian  pouch  is  well  developed, 
with  its  tooth-like  lateral  processes.  The  Alpheins,  Palasmoninie, 
Crangoninie,  and  Gnathophyllina)  are  in  common  characterized  by  the 
fact  that  the  inferomedian  and  inferolatcral  regions  of  the  cardiac  and 
pyloric  portions  are  alone  provided  with  haxd  stmctnres  of  cha- 
racteristic form ;  the  inferomedian  cardiac  process  evidently  consists 
of  three  distinctly  differentiatod  longitudinal  portions ;  of  these  the 
median  one  has  few  or  no  set®,  while  the  lateral  portions  have  short 
setsD,  of  various  forms  and  arranged  in  groups,  which  look  towards 
the  middle  line;  with  this  are  placed  longer  sets  which  form  a 
continuous  fringe,  and,  when  the  gastric  musculature  is  well  deve- 
loped, this  fringe  is  provided  with  special  muscles.  The  effect  of 
this  arrangement  is  to  confine  the  food-particles  to  the  median  line, 
and  to  drive  them  along  it  into  the  thoracic  region  of  the  stomach* 
Bearing  this  in  mind,  wo  can  understand  that  the  loss  of  the  peristaltic 
action  of  the  stomach  is  due  to  the  reduction  of  the  cardiac  process 
and  the  great  development  of  the  pyloric  superomedian  process. 

The  author  concludes  from  his  elaborate  survey  diat  the  hard 
structures  of  the  stomach  of  the  higher  Crustacea  are  most  im- 
portant aids  in  the  classification  of  these  forms  ;  and  his  own  results 
coincide  with  those  arrived  at  by  v.  Boas.  The  Natantia  form 
the  lowest  groups,  and  the  Eucyphotes  may  be  defined  as  Decapods 
without  a  cardiac  dorsal  mill,  and  the  Penreidie  as  Decapods  provided 
with  one.  The  Atyinee  appear  at  present  to  be  isolated  forms,  but  a 
connecting  link  may  perhaps  be  found  in  Troglocaris.  The  Serges- 
tidaa  are  to  be  placed  with  the  PenseidaB,  as  are  also  the  Cerataspi$ 
forms,  which  are  often  associated  with  Schizopoda.  The  well-defined 
group  of  the  Homaridso  may  be  divided  into  the  HomarinsB  and 
Astacinie,  as  Boas  has  suggested.  The  Anomala  (in  the  sense  of 
Do  Haan)  do  not  form  a  definitely  separated  group. 

The  type  of  gastric  mill  found  in  the  Decapoda  may  be  continued 
into  the  Squillidsd,  MysidFB,  and  Cumacese,  where  almost  all  the 
corresponding  parts  are  to  be  found.  The  median  inferomedian  pyloric 
process  forms  a  crest-like  longitudinal  invagination,  and  passes 
through  very  interesting  gradations ;  in  Diastylis  it  has  one,  in 
Mysis  two,  in  Gammarus  three,  and  in  the  higher  Malacostraca  a  number 
of  fringes  of  longitudinally-set  setas ;  indeed,  the  number  increases  as 
the  form  possessing  them  stands  higher  in  a  systematic  classification. 

Spermatogenesis  in  Hedriophthalmate  Crustacea.*  —  G.  Herr- 
mann finds  that  the  spermatogenesis  of  hedriophthalmate  is  effected 
on  a  difierent  plan  to  that  of  the  podophthalmate  Crustacea.  The 
male  cells  are  of  largo  size,  and,  soon,  come  to  have  a  number  of 
nucleoli,  around  which  the  nucleus  seems  to  undergo  segmentation. 
This  is  followed  by  a  stage  in  which  there  is  a  group  of  smaller 
nuclei,  irregular  in  form,  more  or  less  definitely  arranged  round  the 
periphery  of  the  sperm-cell  ("  ovule  ").  This  latter  divides  into  equal 
parts,  and  soon  small  cell-elements,  with  a  nucleus,  but  without  a 
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nucleolus,  appear.  The  cephalic  nodnle  is  now  formed,  as  a  small 
cup-shaped  disk,  attached  to  the  surface  of  the  nucleus.  As  in  the 
Yertebrata,  the  spermatic  filaments  are  developed  at  the  expense 
of  the  spermatoblasts,  but  the  cephalic  nodule,  which  in  all  other 
animals  has  an  important  function,  is  here  only  secondary.  A  little 
later  the  spermatozoid  is  found  to  consist  of  three  segments — a 
cephalic,  which  incloses  the  spermatoblast  and  its  nucleus,. a  median 
segment  which  is  scarcely  visible,  and  a  caudal  segment  or  filament. 
Later  on,  the  nucleus  becomes  ovoid  in  shape,  with  its  long  axis  in  an 
antero-posterior  direction ;  after  it  has  elongated,  its  hinder  extremity 
separates  from  the  cell-body  of  the  spermatoblast,  and  it  finally  leaves 
the  cell.  The  flagellum  becomes  of  proportionately  great  size. 
Eighty  to  one  hundred  spermatic  filaments  are  united  into  bundles, 
which  are  placed  in  the  grooves  of  the  epithelial  cells  which  line  the 
walls  of  the  tubes.  Isolated  spermatozoa  have  only  been  found  in 
the  oviducts  of  the  female. 

With  the  exception  of  its  cephalic  nodule,  the  spermatozoon  of  a 
hedriophthalmate  crustacean  has  very  much  the  same  history  as  that 
of  the  Selachians,  and  it  is  to  be  noted  that  these  spermatozoa  exhibit 
a  more  complete  type  than  those  of  the  Podophthalmata,  inasmuch  as 
in  the  latter  they  may  be  reduced  to  the  single  cephalic  segment. 

Vermes. 

Structure  and  Division  of  CtenodrilTU  monostylos.*  —  M.  Zep^ 
pelin  gives  a  full  account  of  this  new  species  of  marine  annelid.  It 
is  about  3  or  4  mm.  long,  and  0  *  2  wide,  and  consists  of  20-25  well-* 
marked  segments,  and  is  of  a  yellowish-brown  colour.  It  is  remark- 
able for  the  possession  of  a  protrusible  proboscis  which  is  quite 
independent  of  the  enteric  canal.  The  only  pair  of  segmental  organs 
is  found  in  the  head.  The  buccal  cleft  is  ciliated,  as  are  also  the 
oesophagus  and  the  rectum.  All  the  segments  but  the  last  have 
setigerous  sacs,  with  two  or  three  setaa  apiece.  They  move  very 
slowly.  Sexual  reproduction  has  not  yet  been  observed,  but  only 
transverse  division.  The  habitat  of  tiie  worm  is  not  known,  the 
specimens  examined  having  been  found  in  an  aquarium  at  Freiburg. 

The  cuticle  is  thin  and  homogeneous,  the  hypoderm  thick  and 
made  up  of  polygonal  cells  with  scattered  pigment-spots.  The 
musculature  is  of  a  very  primitive  character,  Uie  dermomusoular 
tube  consisting  of  a  simple  layer  of  longitudincd  fibres  which  extend 
nninterruptedly  to  the  end  of  the  body ;  in  this  point  C.  mono8iylo» 
has  a  striking  resemblance  to  Polygordius,  Although  metamerism  is 
very  distinctly  expressed  externally,  it  is  not  so  well  marked  inter- 
nally as  in  most  forms,  the  enteron,  for  example,  not  being  constricted 
by  the  dissepiments.  The  setsB  are  very  regularly  distributed  over 
the  body,  and  are  either  thin  and  sharp,  or  stronger  and  shorter ;  the 
two  last  metameres  which  are  not  so  well  differentiated  as  the  rest, 
have,  as  a  rule,  no  set«B.    The  enteric  canal  is  a  little  longer  than  the 
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body,  and  is  for  a  great  part  ciliated  ;  the  ciliation  resembling  exactl j 
that  of  JE!olo9oma  qucUemarium, 

The  blood- vascular  system  exhibits  a  very  low  degree  of  develop- 
ment, consisting  of  a  dorsal  and  ventral  trunk,  which  extends  through 
the  whole  length  of  the  animal ;  the  former  gives  rise,  in  the  first 
segment,  to  a  short  transverse  trunk,  from  which  arise  two  lateral 
trunks.  The  blood  is  yellow  and  non-corpusculated ;  the  walls  of 
the  vessels  are  formed  by  a  fine  structureless  membrane  in  whioh 
nuclei  are  imbedded.  Distinct  pulsations  could  not  be  detected, 
though  there  was  a  regular  current.  A  structure,  comparable  to  the 
solid  cord  of  cells  in  the  interior  of  the  dorsal  vessel,  described  by 
Ton  Kennel  in  Ctenodrilua  pardalis,  is  here  also  present ;  both  these 
may  be  compared  with  the  darkly-coloured  organ  found  by  GlaparMe 
in  0irraiulu8,  Terebella^  and  others. 

The  head  is  made  up  of  the  cephalic  lobes  and  oral  segment,  and 
is  distinguished  ^m  the  metameres  which  succeed  it  by  its  relatively 
greater  length  and  the  possession  of  the  very  characteristic  proboscis, 
of  the  tentacle,  and  of  the  segmental  organs.  The  ocBlom,  as  in 
(7.  pardalis^  extends  into  the  cephalic  lobes.  The  whole  of  the  ventral 
surface  of  the  head  is  ciliated,  and  these  cilia  serve  to  drive  currents 
of  food  to  the  mouth  of  the  worm.  The  author  regards  the  head  as 
essentially  dififerent  from  all  the  succeeding  segments.  The  proboscis 
lies  beneath  the  mouth,  and  consists  of  a  solid,  muscular,  broad  plate ; 
it  opens  into  a  chamber  common  to  it  and  the  mouth  and  has 
apparently  the  function  of  a  locomotor  organ. 

The  resemblances  to  Polygordius  which  this  now  form  exhibits  are 
emphasized  by  the  possession  of  a  single  tentacular  organ,  the  fellow 
of  which  seems  to  have  been  lost  in  the  course  of  time.  It  arises 
just  below  the  proboscis,  and  is  capable  of  doubling  its  length;  owing 
to  the  possession  of  a  special  musculature,  it  can  also  become  con- 
siderably diminished.  It  is  distinguished  from  the  tentacle  of 
Polygordius  by  the  absence  of  a  diverticulum  of  the  coelom;  it  is 
marked  externally  by  a  ciliated  groove,  the  cilia  of  which  work 
towards  the  body  ;  it  appears  to  be  not  only  a  tactile  organ,  but  also 
to  bring  food  to  the  mouth.  Individuals  with  two  tentacles  are  not 
rarely  seen. 

Like  C.  pardaliSj  C,  monostylos  has  only  one  pair  of  segmental 
organs,  and  these  are  placed  in  the  head ;  they  are  coiled,  finely 
granular  tubes,  and  the  cilia  around  the  coelomic  orifice  are  very  deli- 
cate. In  the  nervous  system  the  new  species  considerably  resembles 
the  already-described  species  of  the  genus;  the  dorsal  ganglion  is 
placed  in  the  cephalic  lobes,  and  its  central  mass  is  dotted ;  the 
ganglionic  cells  are  only  indistinctly  separated  from  the  surrounding 
epithelial  cells ;  the  ventral  cord  is  not  provided  with  metamerically 
arranged  ganglia,  but  forms  a  simple  well-developed  cord,  which 
extends  through  the  whole  length  of  the  body ;  in  very  thin  sections 
indications  of  a  fine  median  membrane  were  occasionally  detected, 
but  no  peripheral  nerves  could  be  made  out.  The  nervous  system 
remains  in  the  hypodermis.  Cells  of  peculiar  character,  and  appa- 
rently of  mesodermal  origin,  are  to  be  found  floating  in  the  coelom. 
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The  author  next  describes  the  processes  of  division,  which  seem 
to  be  of  a  much  more  primitive  character  than  in  C,  pardalia;  all 
individuals  which  consist  of  twenty  or  more  segments  arc  capable  of 
division ;  there  are  no  prelimiDary  phenomena  of  gemmation,  no  zone 
of  gemmation  as  in  0,  pardcUis,  but  only  a  slight  constriction  of  the 
integument,  which  gradually  becomes  more  and  more  pronounced ; 
the  two  daughter  forms  are  at  first  without  any  head  or  anus  re- 
spectively, and  it  is  only  some  time  after  the  constriction  that  these 
organs  begin  to  be  formed.    They  may  give  off  fragments  of  one  to 
three  segments  which  have  neither  head  nor  anus,  and  are  no  longer 
capable  of  division,  or  pieces  of  five  or  six  segments  which  may  again 
divide  and  give  rise  to  fragments  similar  to  those  already  mentioned. 
Lastly,  the  daughter  form  with  the  primary  head  is  capable,  after  the 
production  of  a  secondary  anus,  of  giving  ofif  the  terminal  portion,  but 
it  is  not  known  whether  the  other  half  of  the  parent  form  is  capable  of 
a  similar  action.     After  discussing  the  phenomena  of  division  which 
he  has  observed,  and  comparing  ^em  with  what  is  known  in  other 
forms,  the  author  passes  to  the  affinities  and  systematic  position  of 
Ctenodrilu8,    He  regards  it  as  a  "  collective  type  "  which  stands  near 
the  point  of  union  of  the  Oligochaeta  and  Polychrota,  but,  as  in  the 
case  of  Polygordius,  we  can  hardly,  as  yet,  assign  to  it  a  definite  and 
fixed  position  in  the  zoological  system.     While  it  has,  no  doubt,  an 
alliance  with  the  PolygordiidaB,  it  has  some  special  affinities  to  the 
Oligochietous  Naids,   and    other  characters  in  which    it  as  much 
resembles  the  PolychaBta  as  the  Oligochseta. 

Manyunkia  speciosa.* — Under  this  barbarous  name,  J.  Leidy  de- 
scribes a  new  fresh-water  annelid  closely  allied  to  Fabricia.  The  tube 
is  composed  of  very  fine  particles,  cylindrical,  sometimes  feebly  an- 
nulated.  The  tubes  are  formed  separately,  or  a  few  together,  and  they 
measure  from  2  to  4  lines  in  length,  and  1/5  to  1/4  of  a  line  in  width. 
The  mature  worm  is  3  to  4  mm.  long,  and  1/4  mm.  in  breadth,  and  con- 
sists of  twelve  segments,  including  ^e  head ;  it  is  of  a  translucent  olive- 
green  colour ;  the  head  is  surmounted  by  a  pair  of  lateral  *'  lopho- 
phores,"  which  support  the  tentacles.  The  seventh  segment  is  twice  as 
long  as  any  of  the  others,  and  has  an  abrupt  expansion  at  the  fore-part, 
which  suggested  the  production  of  a  head  prior  to  the  division  of  the 
worm ;  gemmation,  however,  has  not  been  observed.  The  number  of 
tentacles  varies  with  the  age  of  the  worm,  but  there  are  generally 
eighteen  on  each  ''lophophore  "  in  a  mature  specimen ;  they  are  ciliated, 
and  in  all  respects  bear  a  close  resemblance  to  those  of  the  Polyzoa ; 
they  have  various  functions,  and  may  be  as  justly  called  tentacles  as 
cirri.  At  their  base  are  six  or  more  brownish  pigment-spots,  which 
resemble  but  have  not  the  constitution  of  eyes.  The  segments  behind 
the  head  are  provided  with  a  fascicle  of  locomotive  setie,  some  of  which 
are  shorter  than  the  rest ;  there  are  from  four  to  ten  in  each  fascicle. 
The  setfB  have  the  form  of  a  long  straight  rod,  with  a  blade  which 
terminates  in  a  long  filament ;  some  of  ihe  posterior  segments  have 

•  Proo.  Acad.  Nat.  Sci.  Philad.,  1888,  pp.  204-12  (1  pi.) ;  and  see  B.  Potts, 
ibid.,  January  22,  1884. 
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also  a  fascicle  of  "  podal  hooks,"  wbicli  vary  not  only  in  corresponding 
segmeDts  of  dififerent  individuals,  but  on  either  side  of  the  segments 
of  the  same  individual. 

The  intestinal  canal  is  a  simple  median  tube  dilated  in  each 
segment ;  the  mouth  is  unarmed,  funnel-like,  and  capacious.  There 
is  a  well-developed  eve  on  the  head  at  the  side  of  the  gullet,  but 
there  does  not  appear  to  be  any  trace  of  posterior  terminal  eyes,  snch 
as  are  found  in  Fahricia,  The  ova  appear  to  be  laid  and  hatched 
within  the  tube,  so  that  the  young  are  cared  for  by  the  parent  till 
sufficiently  developed  to  provide  for  themselves. 

The  paper  concludes  with  some  observations  on  the  species  of 
Fcibricia,  to  which  M,  specioaa  is  most  closely  allied ;  the  simple  eyes 
were  observed  to  vary  in  different  individuals,  and  on  the  dififerent  sides 
of  the  same  individual. 

Parasitic  Nematode  of  the  Common  Onion.* — J.  Chatin  describes 
an  apparently  new  species  of  Tyl^jichWy  which  infests  the  bulb  of  the 
common  onion.  In  its  larval  stage,  it  penetrates  into  and  disorganizes 
the  central  tissue,  converting  the  fibro-vascular  bundles  into  a  brown- 
ish pultaceous  mass.  Growth  goes  on  and  the  sexual  organs  become 
matured ;  the  fertilized  ova  give  rise  to  claviform  larvaa,  which  are 
able  to  escape  owing  to  the  destruction  of  the  bulb ;  these,  if  the 
ground  is  moist  enough,  wander  about  on  it,  but  if  it  is  dry  they 
remain  quiescent  until  damp  weather  comes.  They  then  enter  a 
healthy  onion,  and  the  cycle  recommences.  If  the  nematoid  enters  an 
animal  host  it  passes  out  with  the  faeces,  and  does  not  undergo  in  its 
intestine  any  further  development,  nor  does  it  become  encysted.  On 
the  whole  it  has  a  close  resemblance  to  the  AnguilliUa  of  wheat,  but 
it  is  not  so  capable  of  resisting  desiccation.  The  best  remedy  against 
it  is  to  burn  all  the  affected  onions. 

New  Myzostomata.t — L.  Grafif  gives  an  account  of  the  new 
species  of  Myzostomata  which  were  collected  by  Dr.  P.  H.  Carpenter 
ofif  the  Crinoids  of  the  '  Hassler '  and  '  Blake '  expeditions  ;  of  the 
22  species,  21  are  new ;  of  those  14  are  peculiar  to  the  American  col- 
lections, while  the  others  have  been  found  elsewhere  also.  Postponing 
all  details  to  his '  Ohallengor '  Eeport,  the  author  here  merely  describes 
the  species,  which  may  be  divided  into  two  groups :  the  members  of 
the  first  of  these  are  hermaphrodite,  ectoparasitic,  and  produce  no 
deformity  on  their  host ;  all  but  one  species  are  provided  with  suckers : 
in  the  second  group  the  animals  have  the  sexes  separate,  and  live  by 
pairs  in  cysts  of  their  hosts ;  they  have  no  suckers.  The  entopara- 
sitic  forms  produce  various  abnormalities,  merely  widening  the 
pinnulsB,  or  at  tho  same  time  converting  them  into  a  spiral  coil,  or 
they  produce  pyriform  outgrowths  of  the  pinnules,  or  various  kinds 
of  cavities  in  IJie  arms.  Cysts  are  sometimes  formed  by  calcareous 
deposits,  which  are  found  on  the  arms  as  well  as  on  the  disk. 

Bnoephalus  and  Oasterostomnm. |~H.  E.  Ziegler  gives  an  acconnt 
of  these  two  parasites.  After  an  historical  review  and  an  account  of  the 

♦  Comptes  Bendus,  xcvii.  (1883)  pp.  1503-5. 

t  Bull.  Mus.  Comp.  ZooL,  xi.  (1883)  pp.  125-33. 

X  Zeitschr.  f.  Wiss.  ZooL,  xxxix.  (1883)  pp.  537-71.  (2  pis.). 


ZOOLOGT   AND   BOTANY^   MI0B0600PT.   BTO.  233 

external  form,  the  description  of  the  integument  is  entered  upon,  and 
it  is  pointed  out  that  if  we  look  upon  the  tegumentary  layer  of  the 
Trematodes  as  having  the  same  structure  as  that  ordinarily  described 
as  obtaining  in  the  Cestoda,  we  must  regard  the  parenchymatous-like 
cellular  layer  which  succeeds  the  muscular  as  being  of  an  epithelial 
nature,  for  its  fine  processes  pass  out  between  the  muscular  fibres, 
fuse  above  it,  and  secrete  the  ^  cuticle  " ;  if  this  view  of  the  nature  of 
the  parts  be  the  correct  one,  it  is  clear  that  all  that  has  been  said 
about  the  presence  of  nuclei  in  the  cuticle  must  rest  on  erroneous 
observations. 

The  movement  of  the  body  of  Gasterosiomum  is  described  as  being 
effected  in  the  following  fashion  :  the  body  is  narrowed  and  elongated 
by  the  contraction  of  the  circular  muscles,  the  head  is  then  protruded, 
the  sucker  widens  and  deepens,  and  at  the  same  time  the  muscles  in 
the  upper  lip  of  the  sucker,  aided  by  others,  bring  about  a  fattening 
of  the  anterior  surface  of  the  body  and  the  formation  of  a  dorsal  ridge 
by  the  aid  of  which  tbe  body  fixes  itself ;  by  the  contraction  of  £e 
longitudinal  muscles  tbe  body  is  drawn  after  the  sucker. 

In  both  Bucephalus  and  Qasterostomum  it  was  impossible  to  detect 
the  limits  of  the  cells  of  the  parenchyma,  but  in  the  latter  they  were 
clearly  seen  to  be  of  two  forms  ;  some  elongated  or  branched,  which 
were  of  a  connective  or  muscular  nature,  and  others  rounded  and  less 
coloured,  which  seemed  to  take  a  part  in  the  osmotic  distribution  of  the 
nutrient  material.     The  nervous  system  is  briefly  described. 

In  Bucephalus  we  find  at  the  last  third  of  the  body  a  small  tubular 
depression  of  the  integument,  which  leads  into  the  pharynx ;  this  can 
suck  in  fluid  by  enlarging  and  then  undergoing  a  peristaltic  contraction. 
The  oesophagus  is  formed  by  a  homogeneous  layer.  In  the  intestine 
there  are  large  yellowish  ceUs ;  if  the  animal  has  been  for  a  long  time 
in  water  the  intestine  is  found  to  have  fluid  contents  in  which  float  green- 
ish yellow  spherical  concretions.  The  intestine  may  seem  to  be  pro- 
duced into  two  processes,  which  appear  to  owe  their  origin  to  the 
compression,  on  the  ventral  wall  of  tiie  body,  of  the  ventral  sucker. 

The  arrangement  of  the  muscles  of  the  pharynx  is  the  same  in 
Buc^halus  as  in  Gasterostomum  ;  in  the  latter  the  stomach  has  an  oval 
contour,  while  the  intestine  has  in  form,  position,  and  structure  a  con- 
siderable resemblance  to  that  of  the  Rhabdocoelida.  The  author  ia 
the  first  who  has  detected  the  presence  of  a  distinct  oesophagus  in 
Gasterostomum, 

The  quantity  of  water  which  passes  through  the  water-vascular 
system  of  Bucephalus  is  so  great  that  it  may  well  be  supposed  to  have 
a  respiratory  as  well  as  an  excretory  function. 

In  Bucephalus^  cells  with  nuclei  which  colour  intensely,  are  to  be 
seen  in  the  last  fourth  of  the  body  ;  these  are  probably  converted  into 
the  penial  sheath  ;  somewhat  more  anteriorly  and  dorsally  there  are 
several  groups  of  closely  appressed  cells,  the  nuclei  of  which  are  very 
intensely  coloured  ;  these  are  supposed  to  be  the  indifferent  rudiments 
of  the  reproductory  elements.  The  generative  apparatus  of  Gasiero" 
stomum  is  described,  and  a  hypothetical  account  of  the  mode  of  action 
of  the  copulatory  organ  is  given.     By  the  action  of  the  longitudinal 

8«r.  2.— Vol.  IV.  R 
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muBculatiire  of  the  penial  sheath  a  part  of  the  dnctns  ejacnlatorins  is 
eyaginated,  until  at  last  the  cirms  projects  from  the  genital  sinus ; 
this  is  probably  approximated  to  the  orifice  of  the  genital  canaL 
Self-impregnation  through  the  uterus  would  appear  to  be  possible. 

After  an  account  of  the  remarkable  '*  tail "  of  Bue^phalu8,  the 
author  passes  to  the  life-history  of  the  two  forms.  The  embryo  which, 
by  unsown  means,  reaches  the  Anodonta  or  TJnio^  becomes  there 
several  centimetres  long,  and  gives  ofif  lateral  branches ;  the  body-wall 
is  thin,  and  comparable  to  the  parenchyma  of  the  body ;  within  are 
found  Bucephali  of  various  stages  of  development,  and  arranged  in 
groups.  The  Bticephali  escape  from  the  mussel  by  the  anal  siphon. 
After  swimming  about  for  some  hours,  the  cercariie  sink  to  the  bottom^ 
and,  to  undergo  further  development,  they  must  now  enter  a  suitable 
host ;  in  the  neighbourhood  of  Strassburg  this  is  ordinarily  Leiteisciu 
eryihropMhalmus  (the  Rudd) ;  the  cysts  lie  in  the  connective  tissue 
under  the  skin,  and  the  containing  capsule  appears  to  be  very  thiu 
and  elastic.  During  the  period  of  encapsulation  the  animal  grows,  its 
water-bladder  becomes  swollen  out  and  filled  with  highly  refractive 
spherules,  which  are  probably  the  final  products  of  metabolism,  the 
stomach  becomes  relatively  smaller,  and  the  anterior  sucker  and 
generative  organs  are  developed ;  the  spines  become  larger  and  more 
distinct.  If  the  host  fish  is  eaten  by  another  fish  the  encysted  animals 
are  set  free  and  become  sexually  mature  in  the  intestine  of  their  new 
host ;  but  experiments  are  still  wanting  to  complete  this  part  of  the 
life-history  of  these  parasites. 

Development  of  DendroooBlum  lacteum.* — J.  Jijima  finds  this 
Planarian  to  be  sexually  mature  once  only  during  its  life ;  the  ova 
contain  an  immense  quantity  of  yolk-cells,  and  24  to  42  embryos  are 
to  be  found  in  one  cocoon,  whereas  Metschnikoff  only  found  4  to  6 
in  Planaria  polychroa.  The  ova  appear  to  remain  for  a  month 
or  six  weeks  in  their  cocoon ;  this  much  longer  period,  as  compared 
with  the  ten  days  of  P.  polychroa,  is  thought  to  be  due  as  much  to 
differences  in  temperature  as  to  those  of  species.  The  segmentation 
is  total;  the  soHd  morula  has  a  peripheral  layer  of  cells  which 
seemed  to  be  fused  together,  and  an  internal  mass  in  which  the  form 
of  the  blastomeres  is  still  recognizable ;  as  these  latter  multiply  the 
bounding  layer  increases  in  thickness,  while  the  free  nuclei  become 
more  abundant ;  in  fact,  there  appears  to  be  a  process  of  proliferation* 
When  the  embryo  is  0  *  2  mm.  in  diameter  the  ectoderm  may  be  seen 
to  be  formed  by  a  certain  number  of  flattened  cells,  and  the  yolk-cells 
are  then  separated  from  the  embryo.  The  author  agrees  generally  with 
Metschnikoff  in  his  account  of  the  formation  of  the  pharynx.  From 
the  fifteenth  to  the  eighteenth  day  the  yolk-cells  inclosed  in  the 
cocoon  are  absorbed  by  the  embryo,  which  may  now  be  one  millimetre 
in  diameter ;  the  pharynx  undergoes  degeneration  and  its  place  is 
taken  by  the  cavity  of  the  proboscis ;  a  short  time  before  it  leaves 
the  cocoon  an  oral  orifice  is  developed.    Like  Metschnikofi^  Jijima 

»  Zool.  Anzeig..  vi.  (1883)  pp.  605-10.  Alao  Bull.  Sd.  IMp.  Nord,  vi.  (1883) 
pp.  100-5. 
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oonld  not  satisfy  himself  as  to  the  ectodermal  origin  of  the  nervous 
system.  The  enteric  epithelium  is  formed  of  cells  which  are  filled 
with  a  finely  granular  protoplasm,  or  small  masses  of  fSeit-drops. 
These  appear  to  owe  their  origin  to  the  breaking-up  of  the  yolk-cells, 
and  it  is  in  this  region  only  that  the  cells  have  fatty  contents.  The 
author  cannot  agree  with  his  predecessor  in  thinking  that  the  yolk- 
oells  are  transformed  into  the  epithelial  cells  of  the  intestine ;  he 
finds,  rather,  that  these  yolk-cells  lose  their  individuality  and  become 
transformed  into  irregular  masses,  while  no  trace  is  left  of  their 
nuclei 

Botatoria  of  Oiessen.* — E.  Eckstein  commences  with  a  review 
of  the  genera  and  an  account  of  the  fifty  species  of  Botatoria  found  in 
the  neighbourhood  of  Giessen. 

Treating  of  Floscularia  appendiculaia  he  discasses  the  question 
whether  the  long  cilia  are  stiff  and  immobile,  or  whether  they  form 
currents  which  carry  the  food  to  the  mouth,  as  in  other  Botifers. 
Although  never  able  to  observe  that  the  ciHa  act  as  described  by 
Ehrenberg,  he  has  been  able  to  convince  himself  that  thev  are  capable 
of  voluntary  movements  and  react  to  external  stimuli.  Tne  long,  thin, 
finger-like  process  which  lies  among  them  has  probably  a  sensory 
function.  No  distinct  ganglion  could  be  detected,  but  sensory  organs 
were  obviously  represented  by  a  process  on  the  dorsal  surface,  lying 
just  behind  the  wheel-organ,  which  carried  a  tuft  of  setfo.  Two  red 
eye-spots  were  seen  at  the  margin  of  the  orifice,  when  the  animal  was 
in  a  contracted  condition.  In  the  young  the  wheel-organ  consists  of  a 
circlet  of  not  verj  long  cilia  placed  on  the  edge  of  the  oral  fonneL 
In  Ptygura  mdicerta  the  foot  is  provided  with  large  glands,  by  the 
secretion  of  which  the  animal  is  able  to  attach  itself  to  water-plants  ; 
its  blood-corpuscles  are  of  a  comparatively  large  size.  Philodina 
roseola  is  to  be  distinguished  from  P.  citrina  by  the  regular  distribution 
of  its  coloration,  which  is  not  absent  from  the  first  and  last  joints  as 
in  the  other.  In  most  of  his  specimens  of  Bottfer  mlgaris  Eckstein 
was  able  to  recognize  a  lens  in  the  eye ;  in  many  cases  he  found 
that  one  or  both  eyes  were  divided  into  two  or  three,  or  even  into 
ten  or  twelve,  red  corpuscles.  In  addition  to  the  cephalic  ganglion 
there  were  detected  a  large  spindle-shaped  cell,  lying  on  either  side 
of  the  rectum,  and  exactly  comparable  to  the  nerve-cells  found  by 
Leydig  in  Lactntdaria  socialis.  In  Notommata  aurita  the  ganglion 
consists  of  two  layers,  of  which  the  inner  is  homogeneous  and  the  outer 
granular.  The  mode  of  locomotion  of  N.  lacinulata  is  described,  as 
are  the  voracious  habits  of  Bokhara  Uunnulata,  the  differential  cha- 
racters of  which,  as  compared  with  Triophthalmus  dortdlia  are  pointed 
out,  and  it  is  shown  that  Uie  latter  is  not  the  young  of  the  former.  The 
tail  of  Scandium  longicaudatum  is  of  great  assistance  in  the  execution 
of  rapid  movements.  DiureUa  rattulus  swims  about  with  its  dorsal 
surface  downwards  and  executes  with  it  movements  to  the  right  and 
left,  while  the  head  and  tail  form  fixed  points. 

In  MonostyUx  lunarU  fixed  points  are  obtained  by  the  better  deve- 

*  Zeitscbr.  f.  Wise.  Zool.,  xxxix.  (1883)  pp.  343-443  (6  plB.). 
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lopment  of  the  carapace  in  certain  regions.  A  new  genus  Ditiyla 
is  defined  as  having  the  carapace  depressed,  open  anteriorly  and 
closed  behind  ;  the  foot  is  one-jointed  and  has  two  long  **  toes."  The 
carapace  is  ridged  in  the  region  of  the  foot,  the  wheel-organ  is  feebly 
developed.     D.  gissensia  and  D.  ludwigii  are  the  new  species. 

In  Euchlanis  dilatata  the  central  organ  of  the  nervous  system 
consists  of  a  number  of  lobes,  and  carries  one  large  red  eye ;  it  is 
connected  by  fine  filaments  with  a  pit  of  tactile  function.  At  the 
hinder  end  of  the  body  there  are  two  organs,  which  appear  to  be  the 
chief  ganglia  of  the  nervous  system,  for  they  are  long  and  spindle- 
shaped,  and  pass  anteriorly  and  posteriorly  into  fine  filaments. 
Squamella  hraciea  has  four  eyes,  of  which  the  anterior  are  somewhat 
larger  than  the  hinder  pair,  and  distinctly  contain  a  refractive  body. 
Behind  there  is  a  small  tactile  tube,  which  is  beset  at  its  end  wiUi 
setsB.  In  Pterodina  the  foot  has  not,  as  in  other  Rotifers,  the  function 
of  an  attaching  organ,  but  serves  as  the  hind-gut  (  ?  ) ;  it  can  be  con- 
tracted, but  not  retracted. 

In  the  second  half  of  this  essay  Eckstein  enters  into  a  general 
biological,  anatomical,  and  developmental  history  of  the  Botstoria. 
He  finds  that  there  is  no  true  segmentation  of  the  body,  and  that  the 
jointing  of  the  integxunent  is  dependent  on  the  firmness  of  this  layer. 
The  apparent,  or  rather  externally  radial  form  of  some  {8tephanoeero§^ 
Fhscularia)  is  due  to  their  fixed  mode  of  life. 

A  short  comparative  account  of  the  wheel-organ  is  given.  The 
colourless  muscles  are  (1)  quite  homogeneous,  each  being  formed  of  a 
single  fine  fibre,  or  (2)  nave  in  their  centre  a  ohain-of-pearl-like  band 
of  dear  nuclei,  or  (8)  ihej  are  distinctly  transversely  striated.  Whore, 
as  in  Scaridium,  there  is  great  muscular  activity,  all  the  muscles  of  the 
body  are  striated.  There  appears  to  be  still  much  to  learn  with  regard 
to  tiie  nervous  system,  Leydig,  for  example,  refusing  to  recognize  a 
central  organ  in  L<icinularia,  and  describing,  as  chief  ganglia,  the  four 
nucleated  spindle-shaped  swellings  which  lie  by  the  mastax  and  the 
rectum.  The  eye-spots  may  lie  on,  behind,  or  in  front  of  the  central 
ganglion ;  a  convex  transparent  lens  is  present  in  some,  though  not  in 
all ;  the  eyes  may  be  paired  or  unpaired,  or  two  may  be  fused  into 
one.  Other  red  spots,  without  refractive  bodies  connected  with  them, 
are  sometimes  found  on  the  wheel-organ.  The  organ  taken  by  Huxley 
for  an  otocyst  is  rather  the  calcareous  pouch,  which  is  an  appendage 
to  the  ganglion,  and  lies  either  in  front  of  or  behind  it.  It  has  a 
sphericfd  or  reniform  shape,  and  consists  in  some  cases  of  irregular 
aggregations  of  calcareous  granules ;  it  is  often  continued  forwards 
as  a  fine  granular  cord,  or  as  a  broad  sac-like  organ,  attached  at  one 
end,  and  by  the  other  projecting  freely  into  the  coelom ;  further  ob- 
servations are  necessary  to  determine  the  function  of  this  apparatus. 

In  all  Rotatoria  (pace  Huxley)  the  anus  lies  on  the  neural  side ; 
the  excretory  system  has  a  contractile  vesicle  formed  of  a  fine  struc- 
tureless membrane,  bounded  by  a  system  of  delicate  and  almost 
invisible  muscular  fibres,  which  suddenly  contract  its  lumen;  the 
vesicle  enlarges  again  slowly  by  the  elasticity  of  its  walls,  or  by  the 
pressure  of  the  inflowing  fluid.    The  canal  on  either  side  may  be 
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followed  up  to  the  neighbourhood  of  the  wheel-organ ;  the  transverse 
oanal  described  by  Huxley  in  the  cephalic  region  of  Lacintdaria  has 
not  been  detected  by  any  subsequent  observer.  The  author  describes 
the  ciliated  infundibula  as  having  their  thinner  end  attached  to  the 
canal,  and  their  broader  one  hanging  freely  into  the  coelom.  From 
the  upper  end  a  broad  cilium  projects  into  the  lumen  of  the  funnel, 
and  moves  either  rapidly  or  slowly ;  Eckstein  does  not  think  that  the 
swellings  are  funnels — that  is,  he  does  not  regard  them  as  open  at 
their  free  end,  but  as  being  completely  closed  by  a  hemispherical 
operculum,  to  the  middle  of  which  the  long  cilium  is  attached.  Below 
this  operculum  there  is  an  orifice,  which  in  the  smaller  species  is 
small  and  round,  but  is  generally  large  and  oval ;  at  this  hole  there 
commences  a  very  short  tube,  which  leads  at  once  into  the  lateral 
canal.  By  the  action  of  the  cilium  the  waste  products  of  the  body 
are  forced  into  this  canal,  and  so  make  their  way  by  the  contractile 
vesicle  to  the  exterior.  The  differences  from  this  typical  arrangement 
which  are  found  in  various  Botifers  are  pointed  out,  and  the  resem- 
blances to  what  Fraipont  has  found  in  tiie  excretory  organs  of  the 
Tromatoda  are  indicated. 

The  club-shaped  pedal  organs  are  next  considered,  and  the  tendon 
by  which  they  are  kept  in  place  alluded  to ;  these  organs  are  glands 
with  finely  granular  contents,  and  in  their  middle  a  line  of  greater 
transparency  may  often  be  detected,  which  is  probably  the  optical 
expression  of  a  groove,  in  which  the  secretion  of  the  glands  is 
collected,  and  by  which  it  is  conveyed  to  the  exterior.  Sometimes 
the  secretion  appears  to  serve  as  a  means  by  which  the  foot  may  be 
glued  down,  in  other  cases  it  gives  rise  to  a  fine  filament ;  the  function, 
however,  of  this  secretion  is  not  so  much  to  fix  the  animal  down  for 
a  time  as  to  attach  it  until  the  third  joint  of  the  foot  is  firmly  afi^ed, 
when  the  first  and  second  joints  being  retracted,  a  vacuum  is  formed. 
Bespiration  appears  to  be  effected  through  the  diin,  and  this  appears 
to  be  the  function  of  the  pores  of  BrcuKionus  plicaiUia,  There  is  no 
circulatory  system  developed.  The  author  is  unable  to  explain  the 
office  of  ihe  '*  renal  organs "  discovered  by  Leydig  in  the  young  of 
Floscularia,  Stephanoceros,  &c,  (Cohn  has  already  objected  to  Leydig's 
view  of  the  renal  function  of  the  organ  in  question) ;  nor  can  he  say 
anything  as  to  the  organ  found  near  the  intestine  in  Squamdla^  or 
the  body  which  lies  dorsally  to  the  intestine,  with  which  it  is  con- 
nected, in  all  species  of  the  genus. 

Eckstein  next  discusses  the  well-known  phenomena  of  the 
dimorphism  of  the  sexes,  and  the  structure  and  characters  of  the  r^ 
productive  organs ;  in  the  Philodineidaa  the  ovum  passes  through  the 
earlier  stages  of  development  in  the  uterus,  but,  owing  to  the  move- 
ments of  the  body,  this  apparently  useful  arrangement  is  of  no 
advantage  to  the  student.  Like  some  later  observers,  the  author 
would  call  the  winter  ova  lasting  ova,  as  they  are  by  no  means 
developed  in  the  winter  season  only,  but  are  rendered  safer  by  the 
possession  of  a  firm  shell.  As  in  other  divisions  of  the  animal  king* 
dom,  parasitic  habit  has  its  effect  on  the  organization  of  the  parasitic 
form,  such  as  SeUoUy  or  Alhertia. 
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The  Botatoria  are  diyided  (1)  into  thoee  in  which  the  female 
always  has,  and  those  in  which  it  has  not  an  anal  orifice  to  the 
intestine ;  (2)  the  former  into  (a)  those  that  are  permanently  fixed, 
and  (fi)  those  that  are  free-liTing;  (8)  the  former  of  these  into 
(i.)  separate,  (ii.)  colonial  forms ;  the  latter  into  those  in  which  (i.^  the 
body  is  roanded  and  apparently  unsegmented,  and  (ii^  the  boay  is 
saccular  or  flattened  with  apparent  segments.  Into  the  farther  details 
of  this  somewhat  artificial  classification  we  have  not  the  space  to  follow 
the  anthor. 

After  reyiewing  the  opinions  of  preyions  writers  as  to  the  systematio 
position  of  the  Rotatoria,  Eckstein  points  out  that  their  direct 
alliance  with  the  Annelida  is  opposed  by  the  early  appearance  of 
segmentation  in  those  forms ;  the  view  of  Eorschelt  and  Metschni- 
koff  that  the  Rotatoria  are  allied  to  the  Torbellaria  by  DinophUuB  is 
affected  by  Graff's  belief  that  that  genus  is  a  true  Rotifer.  The 
author  would  associate  with  the  Rot^era  the  GkLstrotricha,  but,  in 
truth,  their  systematic  place  is  even  more  indefinite  than  that  of  the 
Rotifera  themselves. 

Rotifer  within  an  Acanthocystis.* — Dr.  A.  0.  Stokes'  account  of 
an  observation  of  a  rotifer  living  within  the  rhizopod  AcanthoeysUB 
chatophora  is  not  perhaps  written  with  any  severity  of  scientific  style, 
but  it  is  evident  that  any  abstract  we  could  give  of  it  would  fail  to  con- 
vey a  correct  idea  of  the  original.  It  is  also  the  first  instance  of  which 
wo  are  aware,  of  astronomical  time  being  applied  to  microscopical 
observations. 

**  Recently  one  of  these  spinous  creatures  [Acanthoeytiiil  appeared 
under  my  Microscope.  It  seemed  to  be  alive  and  well,  but  within  it 
near  the  armoured  surface,  was  a  semi-transparent  moving  something 
that  was  too  active  to  have  a  right  there.  As  the  motions  of  this 
foreign  body  became  more  impulsive,  it  turned  completely  over  and 
showed  itself  to  be  one  of  the  rotifers.  In  size  it  equalled  not  more 
than  one-third  the  AcarUhocysM  diameter,  but  dwarfish  stature  was 
amply  compensated  by  nimbleness. 

With  a  leap,  prodigious  for  so  small  a  creature,  the  rotifer  dashed 
against  the  wall  and  hurled  the  rhizopod  down  the  field,  while  the 
silicious  spines  snapped  and  flew.  If  the  scene  was  exciting  to  the 
spectator,  what  must  it  have  been  to  the  Acanthocystia,  with  that 
jumping  Jonah  leaping  among  its  vitals  ?  It  was  no  joke  to  either 
party.  A  struggle  for  life  was  going  on  under  my  very  eyes.  The 
rhizopod,  with  every  particle  of  its  jelly-mass  surrounding  the  rotifer 
possessing  digestive  power,  seemed  calm,  perhaps  with  the  calnmess  of 
despair,  but  tibe  rotifer— oh  how  she  plunged  I  Not  a  moment  did 
she  rest,  not  a  muscle  did  she  leave  unused,  not  a  manoeuvre  untried. 
The  situation  appeared  a  bad  one  for  that  rotifer,  since  she  bade  fidr 
to  be  digested.  She  stretched  herself  and  forced  out  the  spinous 
armour  until  it  seemed  on  the  point  of  rupture ;  the  Acanthocystis  simply 
flattened  the  opposite  side  and  waited,  digesting.  The  rotifer  leaped, 
she  turned,  she  pushed  with  her  two  sharp  toes  against  the  wall ;  the 

♦  The  Microscope  iv.  (1884)  pp.  33-5. 
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rhizopod  rolled  over  the  field,  tlie  spines  were  loosened  and  fell  off^  yet 
that  rotifer  remained  in  the  comer  where  she  first  appeared,  pressed 
down  by  the  Acanthocystis*  body-mass,  although  her  efforts  were  con- 
tinually nothing  less  than  frantic.  For  six  hours  the  struggle  lasted ; 
from  14  to  20  o'clock  the  microscopic  creatures  were  under  uninter- 
rupted observation.  Finally,  after  a  short  rest  on  the  rotifer's  part, 
there  occurred  one  of  the  most  amusing  exhibitions  of  intelligence  in 
these  lowly  organisms  that  I  have  ever  seen.  It  was  indeed  a  most 
masterly  piece  of  strategy.  The  rotifer  began  to  eat !  Protoplasmic 
jelly,  chlorophyll-corpuscles,  half-digested  food-particles,  everything 
the  Acanthocystis  contained  streamed  down  into  the  rotifer's  trans- 
parent stomach.  With  short  intervals,  which  she  improved  by  butting 
against  the  wall,  she  ate  until  she  arrived  at  the  central  nucleus,* 
when,  apparently  perceiving  that  her  object  was  accomplished,  she 
stopped,  and  then — it  really  did  seem  as  if  she  was  celebrating  her 
victory — then  she  laid  an  egg  I 

The  rhizopod  once  dead  and  half  empty,  the  brave  rotifer  selected 
the  spot  at  which  she  intended  to  leave,  and  left.  It  is  a  curious  fact 
that,  having  chosen  the  place  for  exit,  she  continued  to  beat  against 
that  point  only,  until  the  basal  plates  were  forced  aside,  and  she  was 
firee.  Circling  once  or  twice  around  the  dead  Acanthocystia  she  darted 
from  the  field,  followed  by  applause,  and  a  few  remarks  of  approval 
from  the  spectator. 

By  24  o'clock  the  ovum  that  had  been  extruded  in  my  presence  as 
well  as  in  prison,  which  I  had  seen  rolling  down  the  half-empty 
Acanthocystia*  sac,  had  accomplished  a  part  of  its  internal  changes,  but 
an  awkward  movement  displaced  the  cover-glass,  and  ruined  all. 

Did  that  unhappy  rhizopod  in  an  absent-minded  moment  take  in 
an  egg,  and  did  that  egg  eventually  take  in  the  rhizopod  ?  Was  the 
development  of  the  egg  so  far  advanced  that  the  rotifer  was  hatched 
before  it  could  be  digested  ?" 

Ooelenterata. 

New  Aloyonarians,  Oorgonids,  and  Fennatnlids  of  the  Nor- 
wegian Seas.*  —  J.  Koren  and  D.  C.  Danielssen  have  published 
another  of  their  beautifully  illustrated  works  on  the  fauna  of  the 
Northern  Seas ;  they  describe  a  new  genus  Duva^  in  which  they  place 
three  new  species,  and  the  Gorgonia  florida  of  J.  Bathke,  which  is  not 
the  same  form  as  the  Gersemia  florida  of  Marenzeller.  The  other 
new  genus  is  Gondtd,  for  which  it  is  necessary  to  establish  a  new 
funily  of  Pennatulids — (rofu^u^ece— characterized  as  having  the  raohiz 
fixed,  with  developed  bilateral  pinnules,  and  furnished  with  long 
calcareous  spicules.  The  stalk  in  Gondul  has  a  canal  in  its  centre, 
which  is  divided  by  four  valves  into  as  many  longitudinal  canals. 
The  genus  Cladiscua  is  removed  from  the  family  Protocaulid®,  where 
it  was  placed  by  Eolliker,  to  the  Protoptolidaa,  in  consequence  of  the 
presence  of  well-developed  *'  cells."    A  number  of  new  species  are 

*  4to,  Bergen,  1883,  xvi.  and  38  pp.  (13  pU.). 
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described,  but,  nnforfeunaiely,  only  the  diagnoees  are  giyen  in  English, 
the  full  details  being  described  in  Norwegian.  There  is,  however, 
a  brief  description  of  the  plates  in  English. 

Origin  of  Coral  Reefii.* — Prof.  A.  Geikie  sums  np  a  considerable 
amount  of  evidence  which  has  accumulated  since  Charles  Darwin's 
theory  on  this  subject  was  put  forth,  tending  to  show  that  the  theory 
(essentially  that  of  growth  of  coral  in  connection  with  subsidence  of  the 
sea  bottom)  is  by  no  means  imiversally  applicable.  Semper  and  Bein 
supposed  that  in  some  cases  raised  masses  of  sand  or  deep-water  corals 
are  formed  which  a£ford  resting  places  for  surface-growing  corals ;  the 
form  of  the  islands,  Semper  held,  is  caused  by  the  death  of  the 
inner  parts  of  the  colonies  of  corals,  and  by  the  action  of  the  tides. 
Mr.  J.  Murray,  from  observations  made  on  the  *  Challenger,*  considers 
that  volcanic  cones,  such  as  form  most  oceanic  islands,  tend  to  be 
reduced  to  submerged  banks  by  the  action  of  the  waves ;  also  that 
the  raising  of  the  sea  bottom  to  such  a  height  as  to  favour  the 
growth  of  corals,  is  due  to  the  unusually  rapid  accumulation  near  the 
shore  of  calcareous  debris  derived  from  dead  pelagic  organisms. 
These  are  so  abundant  as  probably  to  represent  upwftfds  of  16  tons 
of  carbonate  of  lime  in  suspension  in  the  uppermost  100  &thoms  of 
every  square  mile  of  the  ocean.  In  the  deepest  water  these  appear 
to  be  dissolved  before  reaching  the  bottom,  but  they  accumulate  on 
shallow  bottoms,  and  thus  furnish  foothold  for  sponges,  various 
CoBlenterates,  (&c.,  which  in  return  die  and  bring  up  the  bottom  to  the 
level  of  reef  coral  growth.  This,  taking  place  on  a  submerged  bank, 
would  produce  the  atoll  form  of  island,  which  would  tend  to  widen 
by  death  inside,  and  by  the  consequent  solution  of  the  dead  coral  by 
the  carbonic  add  of  the  sea-water.  Special  cases,  such  as  elongate 
chains  of  atolls,  e.  g.  the  Maldives,  or  submerged  banks,  as  the  C^iagos, 
fall  in  with  the  theory.  Barrier  reefs  are  similarly  explained  as  due 
primarily  to  growth  upon  accumulations  of  debris  around  land. 

ForpitidsB  and  Velellidse.t— We  have  here  a  notice  of  the  work 
of  A.  Agassiz  on  these  little  known  Hydrozoa.  Vdella  nuUtea^  of 
the  coast  of  Florida,  is  much  larger  than  the  Mediterranean  F.  aptraiw, 
and  not  unfrequently  reaches  4  in.  in  length.  It  is  exceedingly 
oommon  in  Key  West  Harbour,  which  it  visits  in  large  schools.  Feed- 
ing IB  chiefly  effected  by  the  large  central  polypite  of  the  system,  and 
this,  together  with  the  smaller  polypites,  is  connected  at  its  base  with 
the  general  vascular  system,  through  which,  as  in  the  polypites,  the  fluid 
is  rapidly  propelled  by  the  lining  cilia.  At  the  base  of  the  polypite 
are  the  medusoid  buds,  and  these,  it  is  interesting  to  note,  early 
become  provided  with  the  yellow  cells  which  are  characteristic  of  the 
free  Medusas.  The  young  present  a  striking  resemblance  to  certain 
Tubularian  Medussd,  being  provided  with  a  row  of  losso-cells  which 
extend  from  the  base  of  the  tentacles  to  the  abaotinal  pole. 

The  Floridan  species  of  Porpita  (P.  linneand)  is,  similarly,  larger 
than  the  Mediterranean  P.  mediterranea ;  unlike  Vdella  it  has    a 


•  Nature,  xxix.  (1883)  pp.  107-10. 

t  Mem.  Mu8.  Comp.  Zool.,  1888.    See  Nature, 


xxix.  (1884)  pp.  262-3. 
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considerable  power  of  control  over  its  own  movements,  and  is  by  no 
means  so  much  at  the  mercy  of  the  winds  or  waves.  If  upset  in  the 
water  it  returns  to  its  original  position  by  bringing  its  tentacles 
together  over  the  disk,  and  tiirowing  up  the  free  edge  of  the  mantle 
in  a  given  direction,  then  expanding  the  tentacles  of  one  side  far  over 
in  the  opposite  direction  beyond  the  central  part  of  the  disk ;  thus,  it 
readily  changes  the  centre  of  gravity  and  tilts  the  overturned  disk 
back  again.    Medusie  are  to  be  found  at  all  stages  of  development. 

Prof.  Agassiz  suggests  that  Porpita  is  allied  to  the  Hydro- 
corallined,  and  ho  bases  this  suggestion  on  the  possession  of  the 
so-called  white  plate,  the  peculiar  structure  of  which  reminds  him  of 
the  corallum  of  Sporadopora,  AUopora,  and  MiUepora  ;  there  are  large 
pits,  and  the  whole  mass  is  spongy  from  being  riddled  with  passages 
and  openings;  but  there  are  not,  of  course,  the  regular  horizontal 
floors  which  are  seen  in  Millepora, 

The  value  of  the  paper  is  greatly  increased  by  the  twelve  plates, 
two  of  which  give  coloured  full-sized  representations  of  the  two 
species  described. 

Porifera. 

Physiology  of  Oemmoles  of  SpongillidsB.* — To  this  subject, 
which  is  now  exciting  considerable  interest,  Dr.  W.  Marshall  contri- 
butes some  arguments  and  observations  which  should  be  compared  with 
those  given  by  Dr.  Yejdovsky  (see  below).  The  wall  of  the  gemmules 
of  SpcmgiUa  nitens  (as  of  S.  cartert)  consists  of  a  system  of  closed  spaces 
or  cells.  In  8,  miens  they  form  six-sided  columns  with  their  long 
axes  tangential  to  the  central  mass ;  they  diminish  in  size  towards  the 
interior  of  the  gemmule ;  the  outer  cells  are  hollow  and  in  the  dry 
state  filled  with  air,  the  innermost  are  solid.  These  cells  are  not 
histological  cells,  but  of  cuticular  character ;  their  walls  are  strongly 
refractive,  and  resist  combustion  stubbornly;  fluoric  acid  destroys 
their  refractive  power  and  brittleness,  so  that  it  appears  not  impro- 
bable that  they  contain  a  large  proportion  of  silica ;  the  inner  layer 
of  spined  spicules  is  attached  to  this  cellular  layer  with  more  fimmess 
than  to  the  subjacent  horny  layer.  8.  nitens  has  an  air-space,  formed 
by  the  chitinous  layer,  as  in  iS^.  cartert,  which  enables  tiie  diry  gem- 
mules  to  float  for  from  8  to  10  days  in  water.  The  elaborate  enve- 
lopes which  cover  the  abundant  starch  which  accompanies  the  germinal 
matter  provide  in  the  most  satisfactory  manner  for  the  protection  and 
welfare  of  this  material.  Various  arguments  are  advanced  in  favour 
of  the  aerostatic  character  of  the  cellular  coat  of  the  gemmule,  viz. 
the  smallness  and,  owing  to  the  great  relative  development  of  this 
layer,  the  lightness  of  this  body  in  8.  nitens.  In  the  districts  where 
the  sponge  occurs  it  must  often  be  left  dry  by  evaporation  and  the 
gemmules  subsequently  set  free  may  be  carried  long  distances  by  the 
wind,  and  eventually  germinate  if  they  meet  with  fresh  water  again. 
Thus,  of  Ehrenberg's  figures  of  organisms  found  in  trade-wind  dust, 
about  24  per  cent,  refer  to  sponges,  and  of  these  fragments  about  16 

♦  Zool.  Anzeig.,  vi.  (1883)  pp.  630-4,  648-52. 
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per  coat  (4  per  cent,  of  all  the  organic  remains)  are  whole  or  frag- 
mentary amphidisks  of  Spongillidce ;  the  absence  of  entire  gemmoles 
is  explained  by  the  distance  which  Ehrenberg's  dnst  had  travelied^ 
viz.  to  Earopo  from  (probably)  North-west  Africa. 

By  experimenting  directly  on  gemmnles  of  l^ponffUla  lacutirig 
and  nitens,  by  drying  them  for  8  days,  piling  60  of  each  species 
together  into  one  heap  on  a  smooth  plate,  and  blowing  at  them  with 
a  bellows,  it  was  found  as  the  result  of  this  operation,  repeated  six 
times,  that  the  gemmules  of  S.  nileru  were  scattered  to  a  greater 
distance  than  those  of  lacuairis^  viz.  75  per  cent,  beyond  a  radLos  of 
6  centimetres,  as  against  the  64  per  cent,  of  those  of  the  other 
species  which  stayed  within  this  radius. 

The  gemmule  of  the  South  American  species  Parmula  Brownii  has 
a  very  compact  spicular  shell,  the  spicules  show  a  tendency  to  radiate 
from  points  at  which  the  capsule  is  in  contact  with  the  true  envelope 
of  the  gemmulo :  the  latter  envelope  is  covered  with  conical  eminences 
which  fit  loosely  against  the  outer  capsule  while  dry,  but  come  closely 
against  it  after  soaking  for  some  time  in  warm  water — ^probably 
showing  that  it  is  a  special  arrangement  to  allow  of  the  expansion 
of  the  germ,  the  outer  capsule  having  no  opening.  The  shield-like 
spicules  overlap  and  cover  all  the  surface  of  the  inner  envelope 
except  the  eminences  just  described.  The  outer  capsule  is  usually 
firmly  united  to  the  surrounding  skeleton.  The  sponge  is  known  to 
affect,  as  its  rooting  places,  stones  which  are  alternately  wetted  and 
loft  dry.  Thus,  the  close  connection  of  the  skeleton  witii  the  capsule 
secures  it  from  being  detached  when  dried,  and  the  overlapping 
arrangement  of  the  shield-like  spicules  prevents  excessive  collapse 
of  the  tender  underlying  envelope. 

The  heaviness  of  the  gemmules  of  Spongtlla  lacuatris^  and  their 
projecting  spicules  (like  the  hooks  of  Polyzoan  statoblasts)  tend  to 
anchor  them  and  prevent  undue  rapidity  of  transportation  by  currents. 
The  gemmules  of  the  allies  of  S.  flumaiilis  are  heavier  than  those 
of  lacustris  and  allies,  and  hence  are  less  mobile  and  better  adapted 
to  rapid  streams.  The  three  layers  of  amphidisks  in  the  gemmule 
of  Meyenia  mircibtlia  Betzer  (a  recently  described  species)  are  perhaps 
an  adaptation  to  very  rapid  waters. 

Marshall  thinks  it  not  inconceivable  that  external  circumstances 
(e.  g.  long  sojourn  in  still  water)  might  transmute  SpongillcB  (£W- 
spongilla)  into  Meyenice,  and  vice  versa  ;  of  the  present  occurrence  of 
these  chauges  perhaps  Euspongilla  jordanensia  var.  druUcBformis 
Yejdovsky  affords  an  example  in  the  transitional  characters  of  its 
gemmule  spicules. 

European  Fresh-water  Sponges.* — Dr.  F.  Yejdovsky  supplements 
his  former  study  of  this  subject  |  by  some  additional  observations : 
firstly  he  establishes  the  new  species  EphydcUia  amphizana  for  the 
form  previously  described  by  him  as  Eph,  Miilleri  forma  B.y  reserving 

*  Abb.  Bobm.  Gcsell.  Wiss.,  1883.    See  Ann.  and  Mag.  Nat  llitft.  xiil  (1884) 
pp.  96  8(1  pi.). 

t  Sec  ibis  Journal,  iii.  (1883)  p.  858. 
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Lieberkiilin's  name  Eph,  MiiUeri  for  his  own  var.  aatrodiacua.  The 
Bohemian  Eph,  fluviaiilis  is  identical  with  the  British  SpongiUa 
flwncUilis,  Turning  to  the  different  layers  of  the  wall  of  the  gem- 
mnles,  he  finds  the  new  species  to  be  distinguished  by  possessing  two 
ooncentric  layers  of  birotulate  spicules;  of  these  the  outer  layer 
project  from  the  external  parenchymatous  layer  by  their  shafts  and 
outer  disks,  the  inner  disks  lying  in  the  subjacent  parenchyma;  a 
thick  parenchymatous  layer  is  now  found  (as  we  pass  inwards),  con- 
taining on  its  inner  aspect  the  internal  layer  of  birotidate  spicules,  whose 
inner  disks  are  in  apposition  with  the  brown  chitinous  membrane, 
which  immediately  incloses  the  germinal  corpuscles.  Troehoapongilla 
erinaceusy  from  the  Elbe,  shows  the  following  characters  in  its  gem- 
mules.  The  layer  which  represents  the  parenchymatous  layer  of 
other  Spongillidce  is  modified  to  form  a  mass  of  five-  to  six-sided  long 
prismatic  columns,  whose  long  axes  are  perpendicular  to  the  surface  of 
the  gemmule ;  they  are  divided  transversely  into  air  chambers ;  the 
walls  are  firm  and  glistening,  and  probably  consist  of  chitin.  Beneath 
this  layer  come  the  amphidisks,  lying  on  the  very  stout  and  laminate 
chitinous  membrane.  The  parenchymatous  layer,  as  here  modified, 
probably  acts  as  an  aerostatic  apparatus  for  the  transportation  of  the 
gemmule,  and  corresponds  exactly  to  the  natatory  rings  of  the  stato- 
blasts  of  many  fresh-water  Polyzoa.  Dr.  Yejdovsky  has  hitherto  been 
unable  to  discover  a  similar  arrangement  in  the  nearly  allied  North 
American  Meyenia  Leidii, 

Hew  G^nns  of  Sponges.* — G.  C.  J.  Vosmaer  gives  an  account  of 
Velinea  gracilis,  a  new  genus  or  species  of  sponge  found  in  the  Bay 
of  Naples.  A  study  of  this  form  has  convinced  him  that  the  water 
which  enters  a  sponge,  having  once  passed  a  ciliated  chamber,  does  not 
enter  another,  but  is  carried  away.  The  skeleton  is  very  remarkable ; 
it  consists  of  a  rather  regular  network  of  homy  fibres,  lying  in  three 
planes,  and  the  six  fibres  forming  the  longitudinal,  concentric,  and 
radial  systems  meet  at  approximately  right  angles,  so  that  the  con- 
tained meshes  are  nearly  square.  The  skeleton  is,  speaking  generally, 
solid  and  hexactinellid. 

The  author  does  not  feel  himself  able  to  speak  definitely  as  to  the 
characters  of  the  epithelial  cells,  as  he  was  not  successful  in  detecting 
their  limits;  a  similar  kind  of  epithelial  cell  is  found  in  all  the 
afferent  and  efferent  canals.  The  collar-cells  are  remarkable  for  their 
small  size. 

In  discussing  the  systematic  position  of  Velinea^  the  author  enters 
in  detail  into  the  characters  of  the  allied  families  Aplysinidad,  Aply- 
sillidaa,  Spongid®,  and  Hircinid® ;  placing  it  in  the  family  of  the 
Spongelidse.  Useful  differential  characters  are  given  for  these  five 
families. 

Protozoa. 

Biitsohli^s  '  Protozoa.* — Parts  20-25  of  this  work  have  been  pub- 
lished with  plates  xxxix.-L  They  deal  with  the  Mastigophora,  Diesing's 
name  being  applied  to  what  are  now  more  often  called  the  Flagellata. 

♦  MT.  Zool.  Stat.  Neapol,  iv.  (1883)  437-47  (2  pla.). 
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The  organisms  placed  in  this  division  are  characterized  by  the  fact  that 
the  motile  stage  forms  the  chief  period  of  their  liyee ;  and  this  stage 
is  not  only  that  which  is  relatively  the  longest,  but  that  also  in  whioh 
the  organism  best  exhibits  its  nutrient  and  growing  activity.  The 
objection  that  it  is  often  impossible  to  separate  the  Mastigophora  from 
certain  of  the  simpler  Sarcodina,  as  well  as  from  certain  simpler 
vegetable  organisms,  such  as  the  Protococcoid  AlgSB,  the  Myxomycetee, 
and  the  Chytridee  is  to  be  met  by  the  reflection  that  all  these  forms 
have  a  common  origin. 

The  Mastigophora  may  be  divided  into  four  subdivisions  or 
orders :  (1)  Flagollata,  or  forms  which  have  flagella  without  either 
superadded  cilia  or  '* collars";  this  is  the  largest  and  most  varied 
group.  (2)  Choano-flagellata  have  a  collar  at  tiie  base  of  the  single 
flagellum,  which  calls  to  mind  the  collared  or  so-called  endodermal 
cells  of  sponges.  (3)  CystoflageUata  have  a  retiform  structure  of 
their  protoplasm,  not  unlike  that  which  is  seen  in  plants  ;  and  they 
are,  further,  characterized  by  their  peculiar  form,  and,  possibly  also, 
by  their  reproductive  phenomena.  The  (4)  Cilio-flagellata  have  cilia 
as  well  as  flagella. 

An  interesting  historical  review  is  followed  by  the  citation  of 
206  separate  works  or  essays.  The  Flagellata  are  divided  into  the 
(1)  Monadina,  which  are  of  simple  structure  and  have  one  flagellum, 
or  two  small  ones ;  there  is  no  special  oral  orifice,  or  it  is  simple  and 
is  not  continued  into  a  well-developed  pharynx.  (2)  Euglenoidina : 
these  are  better  developed  forms  of  some  considerable  size,  ordinarily 
provided  with  one,  but  in  some  cases  with  a  second  small  or  large 
flagellum.  The  so-called  mouth  at  the  base  of  the  flagellum  is  con- 
stantly present,  and  often  leads  into  a  distinct  pharynx.  (8)  Isc- 
mastigopoda,  with  two  or,  more  rarely,  four  or  five  subequal  flagella ; 
mouth  rarely  developed,  and  nutrition  very  ordinarily  effected  as  in 
plants.  ^4)  The  Heteromastigopoda  have  two  flagella  at  the  anterior 
end,  whicn  are  equal  or  unequal  in  size,  and  are  respectively  directed 
forwards  and  backwards. 

The  structural  and  developmental  characteristics  are  entered  on, 
and  treated  of  in  detail,  but  the  arrangement  of  the  genera  and  species 
is  not  yet  begun. 

Hew  Infosoria. —  D.  S.  Eellicott  describes*  a  Cothumia^  a 
parasite  of  the  crayfish  in  America,  to  which  he  gives  the  specific 
name  of  variahilis,  as  he  finds  it  to  vary  so  much.  The  lorica  is 
about  twice  longer  than  broad.  Seen  from  the  side,  it  is  strongly 
ventricose,  and  uniformly  convex  posteriorly.  The  neck  is  narrow, 
its  width  being  less  than  half  that  of  the  carapace;  the  laterally 
compressed  orifice  is  set  very  obliquely,  sometimes  quite  vertioaUy, 
with  the  upper  edge  produced  into  a  cusp,  and  with  a  tooth-like  angle 
in  the  middle  of  either  margin;  the  aperture  is  sometimes  awry, 
turning  the  cusp  to  one  side  of  the  axis  of  the  shell.  The  peduncle 
is  short,  not  exceeding,  as  a  rule,  one-fourth  the  length  of  the  lorica ; 

♦  BuU.  Buffalo  NaturaliBts*  Field  Club,  i.  (1883)  pp.  112-4  (5  figs.).    Ploc. 
Amer.  Soc.  Hicr.,  6th  Ann.  Meeting,  1888,  pp.  105-7  (5  figs.)- 
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it  IB  often  less,  and  the  shell  apparently  sessile.  The  animal  is 
attached  to  the  bottom  of  the  sheath ;  the  peristome  is  narrow  and  is 
protruded  only  a  short  distance  beyond  the  edge  of  the  aperture.  The 
contents  of  the  zooid's  body  are  finely  granular ;  the  nucleus  of  the 
usual  bandlike  pattern.  The  animal  is  yery  timid,  and  very  rarely 
yentures  beyond  its  shield  while  under  observation. 

The  same  author  also  describes  *  EpUtylia  NiagarcB  n.  sp.,  which 
occurs  on  the  crayfish  of  the  Niagara,  and  probably  on  other  con- 
yenient  supports,  although  not  yet  found  elsewhere.  It  fastens  upon 
the  antennas  and  ezoskeleton,  forming  whitish,  mucilaginous  patches. 
The  pedicle  branches  dichotomously,  is  smooth,  attains  1/10  of  an 
inch  in  length,  and  bears  many  zooids.  So  far  the  characters  are 
closely  those  of  E,  plicaiilia  or  E.  Anastatica,  both  abundant  in  the 
same  river.  The  zooids  are  elongate,  more  than  three  times  as  long 
as  broad,  slightly  gibbous,  much  attenuated  at  the  lower  extremity. 
The  body  is  constricted  below  the  peristome  border,  which  is  thickened 
or  collar-like.  The  ciliary  disk  is  continued  above  the  peristome  as  a 
prominent  boss-like  granular  body.  The  inclosure  is  fine  granular, 
the  cuticle  smooth.  The  nucleus  is  flat,  twisted,  and  placed  trans- 
versely at  the  upper  third  of  the  body.  When  contracted  the  ovoid 
bodies  have  a  snout-like  projection  which  is  strongly  striate  longi- 
tudinally.    Length  of  body  fully  expanded  *  0064  in. 

Dr.  A.  C.  Stokes  describes  f  several  apparently  new  infusoria  from 
putrid  waters,  Heteramita  putrina  and  TiUina  sajprophila  from  an 
infusion  made  by  placing  the  tail  of  a  dead  rat  in  river  water,  and 
T.  inflcUa  from  an  infusion  of  the  outer  layers  of  the  bulb  of  a  Chinese 
Narcissus. 

Dr.  A.  C.  Stokes  also  doscribest  a  Pyxicola  which  he  believes  to 
be  new,  and  names  provisionally  J^.  eanstricta.  He  has  also  found  § 
Sdlpingoeca  urceolata  S.E.  in  fresh  water,  or  at  least  a  fresh-water 
variety  of  it. 

J.  Ktinstler  describes  ||  a  fifth  species  of  NyetotheruSf  N,  Duhotsii^ 
which  inhabits  the  intestine  of  the  larva  of  Oryctes  nasicamis, 

Beprodnction  in  Amphileptns  fasciola.^ — Dr.  A.  S.  Parker 
believes  he  has  observed  a  method  of  reproduction  not  hitherto 
described  in  the  Infusoria.  His  attention  was  attracted  by  a  peculiar 
oscillating  movement,  the  AmphilepUis  rocking  from  side  to  side,  the 
animal  remaining  stationary,  although  its  cilia  were  in  active  motion. 
In  other  respects  the  animal  appeared  normal,  no  changes  being 
observed  in  its  nucleus,  protoplasmic  contents,  or  contractile  vesicle. 
Shortly  afterwards  he  found  that  the  elongated  extremity  was 
breaking  up  into  small  masses  of  protoplasm;  these  gradually 
separated  from  the  parent  body,  and  each  of  them  exhibited  distinct 
amoeboid  movements.     Although  the  cilia  seemed  to  break  off  with 

♦  Bull.  Buffalo  Natursliflta'  Field  Club,  i.  (1883)  pp.  115-6  (1  fig.).    PWo. 
Amer.  Soc.  Micr.,  6th  Ann.  Meeting,  1883,  pp.  110-1  (1  fig.). 
t  Amer.  Natural.,  xviii.  (1884)  pp.  133-40  (5  figs.). 
X  Amer.  Mon.  Micr.  Joom.,  y.  (1884)  pp.  24-5  (1  fig.), 
§  Ibid.,  pp.  25-6  (2  figs.). 

U  Joum  de  Miorogr..  viii.  (1884)  pp.  86-92  (1  fig.). 
i  Proc.  Acad.  Nat.  Sci.  Philad.,  1883,  pp.  813-4. 
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the  small  masses,  he  could  not  detect  any  ngns  of  their  presence  aftsr 
separation.  For  about  five  minutes  small  protoplasmic  masaee, 
exhibiting  distinct  and  independent  amoeboid  moyementB,  continued 
to  bo  shed. 

The  rocking  movement  still  continued,  but  now  conunenoed  to 
show  sigus  of  being  converted  into  a  movement  of  rotation.  Finallj, 
a  rotary  motion  was  established,  and  the  animal  commenced  to  change 
its  position.  At  the  same  time  was  noticed  a  distinct  elongatioii 
occurring  at  the  end  where  the  changes  described  above  had  taken  place, 
a  rounded  projection  appearing,  which  gradually  elongated,  until 
finally,  in  the  course  of  about  two  hours,  tiie  individual  had  assumed 
its  original  shape  and  activity,  although  apparently  somewhsl 
diminished  in  bulk.  Cilia  covered  the  new  growth,  but  they  did  not 
seem  to  bo  a  new  formation,  but  were  produced  by  a  simple  elong»* 
tion  of  the  ectosarc,  this  being  carried  forward  by  the  growing 
endosarc.  As  regards  the  protoplasmic  masses  that  were  shed  or 
discharged,  he  observed  them  for  about  four  hours,  at  which  time 
they  were  still  active,  and  the  parent  mass  stiU  in  active  motion.  On 
the  following  day  he  was  unable  to  detect  them,  and  as  to  their 
subsequent  history  knows  nothing. 

To  characterize  the  phenomena  as  described  above,  the  tenn 
"  Eeproduction  by  Partial  Dissociation  "  is  proposed.  Beproduotion 
by  fission,  gemmation,  conjugation,  and  encystation  haye  all  been 
observed  in  the  ciliated  infusoria;  and  some  of  the  older  writerSi 
such  as  Ehrenberg  and  others,  have  described  a  mode  of  increase^ 
in  which  the  substance  of  the  body  breaks  up  into  a  number  of  frag- 
ments, each  of  which  is  capable  of  becoming  a  distinct  individuaL 
This  process  they  called  diffluence,  but  Stein  and  more  recent  observers 
have  denied  the  existence  of  this  process,  claiming  that  it  was  merely 
a  form  of  increase  from  encysted  forms.  The  phenomena,  as  exhibited 
by  Amphileptus  fasciola^  seem  to  be  quite  different  from  those  described 
as  occurring  in  di£9uence,  and  it  certainly  was  not  a  case  of  encys- 
tation. Dr.  Parker  being  unable  to  find  any  account  of  reproduction 
in  the  Infusoria  resembling  that  described,  places  the  facts  on  record, 
in  order  that  the  attention  of  other  observers  may  be  directed  towards 
the  verification  of  the  phenomena  and  views  expressed  above. 

Orders  of  the  Radiolaria.* — E.  Hackel  reports  that  he  has  been 
able  to  add  considerably  to  the  two  thousand  new  species  of  Badio- 
laria  which,  some  time  since,  he  was  able  to  announce  that  he  had 
detected  **  among  the  inconceivably  rich  Badiolarian  collection  of 
the  *  Challenger '  collection.''  Increase  of  knowledge  has  led  to  a 
reduction  of  tiie  proposed  seyen  orders  to  four,  and  the  complicated 
system  is  now  '*much  more  comprehensible";  it  now  seems  to  be 
certain  that  the  distinction  between  the  monozoic  (solitary)  and  the 
polyzoic  (social)  Badiolaria  is  not  so  important  as  was  once  imagined, 
and  it  has  been  found  that,  contrary  to  the  opinion  of  Hertwig,  the 
central  capsule  is  in  all  Badiolaria  uninuclear  at  an  early  and 

♦  SB.  Jenaisoh.  Ges.  f.  Med.  u.  Nat,  16th  Feb.,  1883.     Of.  Nature,  xxix. 
(1884)  pp.  274-6,  296-9. 
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mnltiniiolear  at  a  later  stage.  New  Badiolaria  have  been  discovered, 
which,  agreeing  in  the  specific  characteristics  of  the  skeleton,  are 
some  monozoio  and  some  polyzoic.  The  Monocyttaria  and  Poly- 
oyttaria  of  Miiller  are,  therefore,  no  longer  to  be  regarded  as  important 
divisions. 

The  objections  lately  raised  by  Brandt  to  the  importance  of  the 
character  of  the  presence  of  a  central  capsule  cannot  be  substantiated, 
and  Hackel  is  of  opinion  that  this  author's  views  have  been  based  on 
too  narrow  an  area  of  investigation.  On  the  other  hand,  yellow  cells 
have  not  the  importance  that  was  once  attributed  to  them ;  *'  they  are 
in  no  way  necessary  for  the  nourishment  of  the  Badiolaria,  though 
they  may  be  important  agents  in  the  matter." 

The  four  orders  now  recognized  are  the  Acantharia,  Spumellaria, 
Nassellaria,  and  Phaeodaria ;  they  are  distinct  monophyletio  groups, 
and  Blitschli  was  right  in  laying  stress  on  the  fact  that  the  compli- 
cated phylogenesis  of  this  section,  so  rich  in  specific  forms,  is  a  strong 
argument  in  favour  of  the  doctrine  of  descent,  aud  that  "  in  this  way 
those  painstaking  investigations  of  the  microscopic  world  (which 
many  *  exact  physiologists'  consider  mere  morphological  trifling) 
come  to  be  of  real  importance." 

The  Acantharia,  which  never  have  a  true  silicious  skeleton,  cor- 
respond on  the  whole  to  the  Acanthometrsa  of  J.  Miiller;  the 
ancestral  form  of  the  order  appears  to  be  Actinelius  (first  described  by 
Hackel  in  1865),  and  it  may  be  supposed  to  have  arisen  from 
ActinoiphcBrium  by  the  hardening  of  the  firmer  axial  fibres  in  the 
radial  pseudopodia  of  the  latter  into  radial  spicules. 

The  Spumellaria  are  equivalent  to  Hertwig's  Peripylea,  Thalassi- 
collea,  and  Sphsarozoea,  and  are  all  referable  to  Actissa,  in  which 
there  is  neither  an  extra-  nor  an  intra-capsular  alveolus ;  it  is,  perhaps, 
the  ancestral  form  of  all  the  Badiolaria. 

The  Nassellaria  (Monopylea  of  Hertwig)  are  characterized  by 
having  a  simple  area'  of  pores  at  one  pole  of  tne  axis  of  the  capsule ; 
the  ancestor  is  to  be  found  in  Cystidium  inermey  which  is  distinguished 
from  Actissa  by  this  restriction  of  the  pores. 

The  fourth  group  are  better  called  Phaaodaria  than  Pansolenia 
(Hackel)  or  Tripylea^ Hertwig),  as  the  only  character  in  common  is 
the  possession  of  the  peculiar  phaaodium — a  voluminous  dark  body  of 
pigment,  which  lies  excentrically  outside  the  central  capsule,  while 
the  latter  has  a  double  membrane  and  a  radiated  operculum.  The 
ancestor  is  the  skeletonless  PhcBodina. 

The  systematic  survey  of  the  families  concludes  with  a  table  of 
the  differential  characters  of  the  four  orders,  a  "  conspectus  ordinnm 
et  familiarmn,"  and  a  hypothetical  ancestral  tree  of  the  Badiolaria. 

Bohemian  HebelidsB.* — E.  J.  Tardnek  describes  the  structure  of 
the  shell  and  inner  envelopes  and  of  the  soft  parts  of  these  Bhizopoda. 
He  finds  they  form  a  transition  in  their  shell-characters  from  the 
DifflugiidcB  to  the  Euglyphidcs,  The  shell  is  always  more  or  less 
laterally  compressed.    Besides  the  species  in  which  the  shell  is  con- 

*  Abh.  Bohm.  Geaell.  Wise.,  zL  (1882)  55  pp.  (5  ph.). 
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stantly  colourless,  specimens,  apparently  yoimg,  of  Nebda  hohewtica,  a 
coloured  species,  may  be  fonnd  colourless,  as  occnrs  in  the  Emglypkidm 
and  in  Arcella,  In  the  shell  of  Nd)da  huneUa  alone  were  perfoirafeioiia 
found,  yiss.  two  on  each  of  the  narrower  sides;  their  fbnctioii  ifl» 
perhaps,  to  admit  water  into  the  spaces  inside  the  shell,  between  the 
protoplasmic  attachments  of  the  body  (called  ejpipodia  by  Tarinek), 
as  they  occur  under  similar  conditions  in  HyalotpkiaMy  and  the 
admission  of  water  would  have  advantages  for  ^e  animal.  Tar&nek 
is  unable  to  corroborate  Leidy's  statement  that  the  smallest  tests  have 
the  largest  chitinous  plates.  In  occasional  examples  of  Ndtda 
hohemica  and  coUaris  the  plates  are  reduced  to  small  granules,  scattered 
oyer  the  surface,  or  they  may  be  absent  altogether,  and  the  ohitinons 
membrane  left  bare,  or  encrusted  with  foreign  bodies.  The  plates 
consist  of  amorphous  silica,  as  they  resist  combustion  and  weak 
acids  and  alkalies;  strong  sulphuric  acid  dissolves  them  slightly; 
they  are  firmly  imbedded  in  the  chitinous  membrane,  except  in 
Quadrula. 

With  regard  to  their  origin,  the  author  comes  to  the  oondnsion 
that  they  are  formed  by  the  animal  itself,  from  their  resemblance  to 
those  of  the  Euglyphidce,  which  are  undoubtedly  thus  produced.  The 
thickest  plates  are  those  of  LecquereugiOy  the  thinnest  those  of 
Quadrula.  The  chitinous  membrane  is  susceptible  of  staining,  and 
thus,  and  from  the  mode  in  which  foreign  bodies  are  attached  to  it, 
evidently  itself  constitutes  the  only  cementing  substance  employed ; 
it  sometimes  projects  outside  the  margins  of  the  plates,  and  can  here 
attach  foreign  bodies  to  itsell  The  sarcodic  body  of  the  NeheUdm 
has  the  definiteness  of  form  common  to  all  the  Monathalamia.  Aa 
observed  in  specimens  kept  without  food,  the  ectosarc  is  completely 
hyaline  and  structure-  and  colour-less ;  it  is  viscous,  the  outer  part 
more  so  than  the  inner,  which  thus,  and  by  acquisition  of  eranoleSy 
gradually  passes  into  the  endosarc.  The  endosarc  has  usuaUy  a  pale 
yellow  colour,  and  contains  refractive  bodies  (microeomata)  of  two 
sizes.  The  nucleus  is  relatively  large,  and  remains  constantly  at  the 
back  of  the  body,  in  the  shell;  a  nucleolus  is  only  occasionally 
noticed,  has  a  dark  or  blueish  colour,  and  a  globular  form ;  one  or 
more  nucleoli  (up  to  five)  may  occur.  A  contractile  vacuole  was 
always  observed,  usually  one  or  two  ;  in  Lecquereusia,  Heleopera,  and 
Quadrula  three  occur,  closely  associated.  The  author  frequently 
fUids  in  NebdidcB  chlorophyll  masses  derived  from  food,  but  never 
showing  signs  of  being  produced  by  the  animal  itself.  The  pseii- 
dopodia  are  formed  by  the  streaming  forward  of  the  clear  ectosaro, 
which  divides  into  five  to  nine  cylindrical  lobes,  the  body  at  the  same 
time  becoming  further  removed  from  the  inner  wall  of  the  test.  The 
epipodia,  when  the  animal  is  extended,  form  long  filamentous  pro- 
cesses of  ectosarc 

The  animals  live  chiefly  in  peat-moss  water,  and  prefer  it  when 
it  is  low ;  they  either  swim,  with  the  mouth  downwards,  by  moye- 
ments  of  the  extended  pseudopodia  (five  to  twelve  in  number),  or 
creep  by  means  of  fewer  pseudopodia,  which  attain  the  length  of 
the   shell,  and  have  a  flattened  form;    they  drag  the  shell  after 
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them*  Food  is  seized  by  and  inclosed  in  a  long  psendopodinmy 
and  is  ultimately  massed  into  small  round  nntriment-balla.  Encys- 
tation  takes  place  from  Jane  to  September ;  the  saroode  previonsly 
becomes  almost  opaque  with  nutritiye  substances,  which  later  are 
resolyed  into  strongly  refractiye  oily  globules  of  dififerent  sizes ;  the 
pseudopodia  are  withdrawn,  the  epipodia  become  shortened,  the 
contractile  vacuoles  disappear,  the  nucleus  becomes  invisible,  and 
the  body  withdraws  more  and  more  into  the  hinder  part  of  the  test, 
extruding  various  excreta  such  as  diatom-shells,  which  are  massed 
in  the  mouth  of  the  test,  forming  the  diaphragm^  which  becomes 
yellowish,  probably  from  iron  oxide. 

Tar&nek  fully  describes  and  figures  with  some  dassificatory  and 
distributional  tables  the  species  obtained  in  Bohemia:  viz.  Nebeila 
eoUaris;  flaheUulum;  earinata;  hippocrepis  Leidy ;  hurseUa  Yejdovsky ; 
hohetnicaf  a  new  species  with  compressed  shell  without  processes,  an 
oval  entire  pseudopodial  opening,  provided  with  a  short  neck; 
americana,  a  new  species  witii  a  shell  not  compressed,  flask-shaped, 
and  devoid  of  spines ;  Heleoperapetricola  Leidy ;  Quadrula  symmetrica 
F.  E.  Schulze ;  Lecquereuaia  spiralis  Blitschli ;  and  a  new  generic  t ^me 
called  Corythion  dubium,  as  yet  only  known  by  the  test ;  tUs  is  smiidl, 
has  a  pale  yellow  tint,  is  more  or  less  broadly  oval,  and  the  pseudo- 
podial opening  is  subterminal,  roundish  or  oval  to  half-moon  shaped, 
resembling  that  of  Trinema  acinus  ;  it  is  made  up  of  vexy  small,  oval, 
silicious  plates  (often  round  near  the  opening),  arranged  irregularly, 
and  imbedded  in  the  chitinous  layer. 


BOTANY. 

A.    OENESAL,  including  Embryology  and  Histology 

of  the  Phanerogamia. 

Living  and  Dead  Protoplasm.* — O.  Loew  returns  to  the  subject 
of  the  different  reactions  of  silver  salts  on  living  and  dead  proto- 
plasm. By  a  fresh  series  of  experiments  he  claims  to  have  confirmed 
his  previous  results  that  the  albumen  of  living  cells  alone  has  the 
power  of  reducing  the  silver,  the  death  of  the  cell  causing  a  chemical 
change  in  the  albumen  which  deprives  it  of  this  power. 

Aldehydic  Hature  of  Protoplasm,  t — A.  B.  Griffiths,  after  reference 
to  the  work  of  Loew  and  Bokomy,  Beinke,  and  others,  as  well  as  to 
a  previous  communication  of  his  own,^  describes  his  new  experiments. 

He  has  examined  the  protoplasm  of  living  and  dead  cells  of 
SpirogyrOy  and  finds  that  it  reduces  alkaline  solutions  of  cnpric  salts ; 
that  crys1»ls  are  found  in  it  by  treatment  with  weak  sodium  chloride, 
and  that  the  addition  of  absolute  alcohol  to  the  cells  of  the  Spirogyra 

*  Pfliiger*!  Arch.  f.  d.  Oes.  PhynoL,  xxx.  (1888)  pp.   848-68.     Of.  this 
Jouraal,  1.  (1881)  p.  906 ;  iL  (1882)  pp.  67,  861,  440,  5^ ;  Ui.  (1883)  p.  S25. 
t  Ghem.  News,  xlviiL  (1888)  pp.  179-80. 
X  Journ.  (}hem.  Soc— Trant.,  zliv.  (1888)  p.  195. 
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causes  the  deposition  of  crystals  of  anhydrous  deodrom.  It  is  there- 
fore probable  that  the  rednoing  properties  of  protoplasm  are  doe  to 
this  glucose,  and  that  the  crystals  formed  with  sodiom  chloride  are 
C,H„0„  NaCl  4-  H,0. 

This  yiew  is  supported  by  the  following  experiments : — Albumin 
(white  of  fresh  egg)  mixed  with  a  small  quantity  of  a  Tery  dilute  sola- 
tion  of  dextrose,  when  treated  as  above  described,  behaves  in  a  manner 
precisely  similar  to  the  Spirogyra  cells.  Moreover,  if  the  living  plant 
is  kept  in  the  dark  for  a  couple  of  days,  and  is  then  examined,  none 
of  these  reactions  are  observed.  This  is  evidently  due  to  the  dextrose 
being  used  up  in  the  dark  to  nourish  the  cell-walls  and  tissues ;  for, 
after  a  short  exposure  to  sunlight,  the  dextrose  reappears,  and  the 
usual  phenomena  are  to  be  observed  in  the  plant-cells.  The  author 
concludes  with  some  remarks  on  the  aldehydic  nature  of  dextrose, 
on  the  assimilation  of  carbon  by  plants,  and  on  the  importanoe  of 
researches  on  albumin. 

Embrvo-sac  and  Endosperm  of  Daphne.* — ^E.  Prohaska  brings 
forward  the  structure  of  the  embryo-sac  and  mode  of  formation  of 
the  endosperm  of  Daphne  as  an  illustration  of  the  law  that  the  polar 
nuclei  do  not  always  coalesce  to  form  a  secondary  nucleus  of  the 
embryo-sac ;  and  that  the  formation  of  the  endosperm 'may  take  place 
without  their  assistance. 

The  mature  embryo  of  Daphne  exhibits  clearly  two  8ynergid» 
and  an  ovum  ;  while  at  its  lower  end  is  a  group  of  more  than  three 
antipodal  cells  without  any  cell-wall.  While  the  upper  half  of  the 
embryo-sac  contains  but  little  protoplasm,  its  lower  portion  is  fiUed 
with  a  dense  mass,  in  which  are  two  quite  distinct  nuclei  with  sharp 
outline,  which  can  be  shown  to  be  the  polar  nuclei.  In  certain  young 
states  of  the  flower  these  nuclei  are  found  in  the  two  poles  of  the 
protoplasm,  which  is  clearly  detached  from  both  the  embryonic 
vesicles,  and  the  antipodals;  the  lower  nucleus  subsequently  approaches 
the  upper  pole  ;  and  still  later,  both  are  seen  near  to  the  embryonic 
vesicles  forming  a  double  nucleus.  This  double  nucleus  now  moves 
gradually  to  the  lower  part  of  the  protoplasm,  which  is  no  longer 
distinctly  separable  from  the  embryonic  vesicles ;  protoplasm  collects 
round  it,  and  the  number  of  antipodal  cells  increases  after  fertilisa- 
tion frt>m  2  or  8  to  20.  This  double  nucleus,  therefore,  corresponds 
to  the  secondary  embryo-sac  nucleus  of  other  plants.  It  is  therefore 
quite  evident  that  a  secondary  embryo-sac  nucleus  is  not  formed  afker 
fertilization  by  the  coalescence  of  the  polar  nuclei ;  but  that,  while 
this  double  nucleus  remains,  the  formation  of  endosperm  commences  in 
the  parietal  layer  of  protoplasm  by  the  free  formation  of  nuclei. 

The  following  details  are  obtained  from  a  number  of  preparations 
of  Daphne  Cneorum  and  Blagyana,  The  parietal  protoplasm  is  often 
thickened  in  longitudinal  threads,  and  contains  moniliform  strings  of 
vacuoles  both  before  and  at  the  beginning  of  the  formation  of  the 
endosperm.  In  it  are  seen  small  usually  circular  or  elliptical  portions 
of  denser  protoplasm  filled  with  minute  granules,  shown  by  the 

•  Bot.  Ztg.,  xll.  (1883)  pp.  865-8  (1  pi.). 
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application  of  pigments  to  be  chromatin  Btrnctnres,  and  which  de- 
yelope  into  the  nucleoli  of  the  endosperm-nuclei.  The  nucleoli 
contain  a  very  thin  finely  granular  border  of  protoplasm ;  its  granules, 
apparently  grouped  into  idbort  threads,  surround  tiie  central  nucleolus 
in  a  radial  manner.  The  layer  of  protoplasm  thus  formed  becomes 
gradually  detached  from  the  surrounding  protoplasm  of  the  embryo- 
sac,  loses  its  radial  framework,  and  forms  at  length  a  clear  sone 
round  the  nucleolus  containing  only  a  few  scattered  granules. 

The  nuclei  in  the  parietal  layer  are  sometimes  formed  separately, 
whether  in  the  lower  or  upper  part  of  the  embryo-sac ;  sometimes  in 
groups. 

Constitution  of  Albumin.* — From  the  reaction  of  superosmic  acid 
O.  Loew  argues  that  the  leucin  and  tyrosin  compounds  do  not  occur 
ready  formed  in  the  molecules  of  albumin ;  but  that  they  are  readily 
produced— especially  tbe  benzol-nucleus  of  tyrosin — when  albumin 
undergoes  decomposition.  The  basis  of  the  formation  of  albumin  he 
considers  to  be  a  process  of  condensation  rather  than  one  of  com- 
plicated synthesis. 

Fertilization  of  Sarracenia  purpurea. t — F.Hildebrand  describes 
the  mode  of  pollination  in  Sarraceiiia  purpurea,  where  the  male  and 
female  organs  are  mature  at  the  same  time,  but  their  relative  position 
is  such  that  fertilization  is  almost  impossible  without  the  assistance 
of  insects,  and  self-fertilization  is  even  then  rendered  very  difficult 

He  also  describes  the  arrangements  for  self-fertilization  in  a  water- 
plant,  HeteratUhera  reniformis,  and  for  cross-fertilization  in  Salvia 
carducea,  which  differs  from  other  species  of  the  genus  in  the 
immotility  of  its  stamens. 

Sexual  Belations  in  Monoecious  and  Dioecious  Plants.^ — ^F. 
Heyer  has  carried  out  a  number  of  experiments  with  the  view  of 
determining  the  causes  of  the  differentiation  of  sex  in  unisexual  plants. 
As  regards  dioecious  plants,  the  result  of  experiments  with  21,000 
specimens  of  Mercuricdis  annua  and  6000  of  Cannabis  saliva  was  that 
external  conditions  have  no  influence  on  the  production  of  seedlings 
of  one  or  the  other  sex.  The  number  of  seedlings  of  each  sex  is  yery 
nearly  the  same ;  in  the  former  species  tbe  proportion  of  male  to 
female  individuals  was  about  as  105  *  85  to  100 ;  in  the  latter,  about 
as  86  to  100.  Both  species  exhibit  also  secondary  sexual  differences 
in  the  yegetative  organs. 

A  second  series  of  experiments  to  determine  whether  external 
conditions  of  temperature  and  soil  caused  any  difference  in  the 
proportioi^  of  male  and  female  flowers  in  monoecious  plants  {Urtica 
urenSj  AtripUx,  Spinaday  XanUiium,  Cucurbitacese)  yielded  also  only 
negative  results. 

The  general  conclusion  is  that  the  sex  of  the  individual  is  deter- 
mined at  an  earlier  period  than  the  ripening  of  the  seed ;  whether 
before  or  after  fertilization  cannot  at  present  be  said. 

♦  Pfltiger'B  Arch.  f.  d.  Ges.  Physiol.,  xxx.  (1883)  pp.  368-73. 

t  Ber.  Deutach.  Bot.  Gesell.,  i.  (1883)  pp.  455-60  (1  pi.). 

}  Ber.  Landwirthflcb.  Inst.  Halle,  Heft  v.    See  Bot  Ztg.,  xli.  (1883)  p.  873. 
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Corpnscnla  of  Oymnoipeniis.* — J.  Goiosohankm  basiiiTestigitod 
the  stracture  of  these  organs,  chiefly  in  the  Ojoadee,  the  speeies 
examined  heing  Zamia  pumila,  Ceraiogamia  rcHnuia^  Lemdowawda 
Peroffshfana,  Eneephalarios  viUomu,  and  Cyeoi  rewduia.  The  oell- 
wall  of  the  yonng  corpoflcalum  is  always  thin  and  qoite  homogeneoos. 
In  flowers  (of  CeraioxamiaS  about  fonr  months  old,  thin  places 
have  made  their  appearance  in  it  in  the  form  of  roundish  dots.  Wheo 
the  ovules  are  mature  (before  fertilization)  it  is  strongly  thichened, 
and  furnished  with  a  number  of  conspicuous  pits.  The  ceU-waU  is 
at  all  ages  coloured  blue  by  chloriodide  of  xino,  and  is  therefim 
composed  of  cellulose.  Connected  with  each  pit  is  a  small  oansl, 
without  any  trace  of  the  septum  apparent ;  and  the  protoplasm  of  the 
corpuBcula  is  distinguished  by  a  number  of  protuberances  eqnal  in 
length  to  the  canals. 

By  treating  the  fresh  endosperm  with  Tery  dilute  sulphuric  aoid, 
after  the  lapse  of  a  day  it  becomes  somewhat  softened,  uid  the  oar- 
puscles  with  thoir  thick  cell-walls  can  be  easily  remored ;  and,  on 
adclition  of  chloriodide  of  zinc,  the  pits  in  the  latter  can  be  very  well 
made  out. 

Tangential  sections  in  alcoholic  preparations  of  the  corpnsoula 
distinctly  showed  sieve-plates  in  the  pits,  by  staining  with  chloF- 
iodido  of  zinc,  or  better  with  hsamatoxylin.  The  sieves  were  not  all 
alike.  In  smaller  pits  they  formed  a  uniform  very  thin  network ;  in 
larger  pits,  besides  the  network,  a  coarser  striation  of  the  membrane 
was  soon,  which,  however,  passed  gradually  into  the  network.  The 
sieve-plates  are  extremely  thin,  and  require,  to  make  them  out,  a  veiy 
careful  focusing  of  Hartnack's  objective  No.  IX.  Tinging  with 
hasmatoxylin  under  very  high  powers  shows  that  these  plates  are 
actually  perforated.  This  can  also  be  seen  in  longitudinal  sections 
of  fresh  ovules  treated  with  strong  sulphuric  acid,  and  then  with 
iodine  or  eosin.  The  sulphuric  acid  causes  a  sfarong  and  rapid 
swelling  of  the  cell-wall  of  the  corpuscula,  and  a  rupture  of  the 
threads  of  protoplasm  that  pass  into  the  canals,  the  broken  ends  of 
which  may  be  readily  made  out  after  treatment  with  iodine. 

These  observations  on  the  Cycadeae  prove,  therefore,  that  the  ceU- 
wall  of  the  corpuscula  consists  of  cellulose;  and  it  appears  to  be 
thickened  only  on  that  side  which  fftces  the  protoplasm  of  the 
corpuscle.  It  contains  a  large  number  of  pits,  furnished  with  true 
sieve-plates,  through  which  the  protoplasm  of  the  cells  of  the  adjacent 
layer  of  endosperm  is  in  open  communication  with  the  protoplasm  of 
the  corpusculum. 

Similar  sieve-plates  were  observed  in  the  cell-wall  of  the  oor- 
puscles  of  a  number  of  Conifene  belonging  to  the  Abietinen  and 
Taxinee ;  but  in  the  Cupressinesa  examined  no  trace  of  these  pits 
oould  be  detected. 

Comparative  Structure  of  the  Aerial  and  Subterraneous  Stem 
of  Dicolyledons.t — J*  Oonstantin  has  made  a  comparative  study  of 
the  stem  above  and  below  ground  in  a  large  number  of  dicotyledonous 

♦  Bot  Ztg.,  xli.  (1888)  pp.  825-31  (1  pL). 

t  Ann.  Sd.  Nat  (Bot.),  xvi,  (1888)  pp.  5-176  (8  pis.). 
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orders.  The  uniformity  of  the  results  in  particular  genera  of  widely 
separated  orders  shows  that  the  differences  in  question  are  the  result 
of  external  conditions  rather  than  of  hereditary  tendencies ;  the  fol- 
lowing are  the  more  important  points  in  which  the  tissues  become 
modified  by  being  buried  in  the  soil. 

The  epidermis,  when  present,  is  modified.  Suberin  attacks  first  of 
all  its  external  wall,  and  may  even  form  a  yery  thick  layer ;  it  ascends 
only  slowly  into  the  lateral  and  internal  walls.  The  cortex  increases, 
either  by  increase  of  the  size  or  number  of  its  cells.  The  collen- 
ohyma  either  diminishes  or  disappears  altogether,  especially  when 
ihu  tissue  is  enveloped  in  the  angles  of  the  aerial  stem.  There  is  a 
tendency  towards  the  early  production  of  a  suberous  layer,  which 
appears  at  different  points  of  the  epidermis,  in  the  cortical  paren- 
chyma, in  the  endoderm,  in  the  peripheral  layer,  and  in  the  liber. 
This  layer  is  sometimes  a  substitute  for  a  ring  of  fibres  which  is  often 
found  outside  the  liber-bundles  in  the  aenal  stem.  The  under- 
ground stem  sometimes  contains  a  few  fibres,  but  they  are  much  less 
numerous. 

In  the  greater  number  of  perennial  plants  examined  the  liber- 
bundles  of  the  aerial  stem  are  closed,  being  shut  up  in  this  ring  of 
fibres ;  while  in  the  underground  stem  they  are  open.  The  activity 
of  the  formative  layer  is  very  variable;  but  lignification  almost 
always  takes  place  irregularly  in  the  woody  bundles.  The  pith  is 
less  developed  in  proportion  to  the  cortex  than  in  the  aerial  parts. 
Food-materials,  especially  starch,  exist  in  it  in  great  abundance. 
The  angles  of  the  aerial  stem,  when  projecting,  tend  to  disappear. 

The  following  phenomena  in  the  underground  stem  may  Uierefore 
be  attributed  to  the  influence  of  the  envi];pnment : — The  great  deve- 
lopment of  protective  tissues,  such  as  a  suberous  layer  and  a  suberized 
epidermis ;  the  reduction  or  disappearance  of  the  means  of  support, 
ooUeDchyma,  liber-fibres,  &c. ;  the  great  development  of  cortex  and 
relative  reduction  of  pith ;  feeble  lignification ;  and  the  production  of 
reserve  food-materials. 

The  proportion  of  perennial  plants  increases  with  the  altitude 
above  the  sea-level ;  and  the  same  species  is  sometimes  annual  at  low 
altitudes,  perennial  at  high  altitudes.  The  duration  of  a  plant,  there- 
fore, and  the  presence  of  a  rhizome  or  other  form  of  underground  stem, 
are  to  a  certain  extent  dependent  on  external  circumstances. 

Junction  of  Boot  and  Stem  in  Dicotyledons  and  Monocoty- 
ledons.*— M.  C.  Potter  draws  the  following  comparison  between  the 
passage  from  root  to  stem  in  these  two  classes  of  plants: — ^In  the 
procambium  of  the  root  the  protoxylem  or  spiral  vessels  and  the 
protophloem  or  bast-fibres  are  first  differentiated,  the  differentiation  in 
each  bundle  proceeding  from  without  inwards,  and  thus  the  separate 
xylem  and  phloem  bundles  are  produced.  In  the  stem  each  bundle 
oonsists  of  xylem  and  phloem.  The  protoxylem  is  first  differentiated 
at  the  most  external  part  of  each  bundle,  and  the  differentiation  pro- 
ceeds from  within  outwards,  while  the  protophloem  is  first  differentiated 

♦  Proc.  Carnb.  Phil.  Soo.,  iv.  (1883)  pp.  395-9  (1  pL). 
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at  the  most  external  part  of  each  bundle,  and  the  difRsrentiation  pro- 
ceeds from  without  inwards. 

In  Dicotyledons  the  transformation  from  the  arrangement  of  the 
bnndles  in  the  stem  to  that  of  the  root  generally  takes  place  in  the 
tigellnm ;  while  in  Monocotyledons  the  root  arrangement  of  the 
handles  continaes  nearly  as  fkr  as  the  point  of  insertion  of  the  coty- 
ledons in  Phcmix  dactylifera^  or  of  the  scutellom  in  Zea  MaU. 

Saberin  of  the  Cork-oak.* — A.  Meyer  gives  the  general  results  of 
some  investigations  made  by  Eiiglor  as  to  iAie  nature  of  the  snberin  of 
Quercua  auber.  The  micro-chemical  reactions  of  snberin  show  that  it  is 
nearly  allied  to  the  fatty  oils.  Its  molecules  are  so  closely  associated 
with  those  of  cellulose,  that  boiling  chloroform,  while  extracting  the 
whole  of  the  crjstallizable  cerin,  remoyes  only  about  25  per  cent,  of 
the  suberin.  It  in,  however,  completely  extracted  by  treating  first  with 
chloroform  and  alcohol  and  then  with  an  alcoholic  potash-ley.  Edgier 
regards  it  as  a  fatty  oil,  composed  chiefly  of  stearin  (CisHssO^^GsHs  and 
the  glycerin-base  of  a  new  acid,  phellonic  acid  CJEL^O^  with  melting- 
point  96°  C.  Forty  per  cent,  of  the  mixture  of  these  acids,  and  2*5  per 
cent,  glycerin  was  obtained  from  cork. 

Suberin  is  therefore  closely  allied  to  the  tallows,  and  especially  to 
Japan  tallow,  which,  besides  palmitin,  contains  the  base  of  an  acid 
with  high  melting-point  96°  C,  obtained  from  the  parenchyma-cells  of 
Ithus  succedanea,  a  substance  apparently  identiciA  with  that  which 
causes  the  subenzation  of  the  cell-walls. 

Inflnence  of  Pressure  on  the  Growth  and  Stmctore  of  Bark.^ — 
A.  Gehmacher  finds  that  pressure  exercises  a  considerable  influence 
on  the  growth  of  bark,  the  separate  elements  being  altered  as  definitely 
as  those  of  the  wood. 

As  regards  cork,  the  greater  the  pressure  the  fewer  cork-cells  are 
formed,  and  the  less  the  pressure  the  more  numerous  are  they.  The 
radial  diameter  of  the  cells  is  also  affected  by  the  pressure. 

The  cells  of  the  primary  cortical  parenchyma  undergo  a  fdmilar 
change ;  but  they  appear  to  be  compressed  not  only  radially,  but  also 
laterally,  becoming  more  or  less  angular  towards  those  cells  which 
were  formed  under  less  tension  and  have  a  more  nearly  globular  form. 
The  intercellular  spaces  disappear  entirely  with  increased  pressure, 
increasing  perceptibly  in  size  with  its  decrease.  The  sclerenchyma- 
tous  elements  are  least  affected  by  change  of  pressure.  The  bast-fibres 
increase  considerably  in  number  with  diminution  of  pressure ;  when  the 
pressure  is  very  great  very  few  bast-fibres  or  none  at  all  are  formed. 
Both  the  wood-fibres  and  bast-fibres  increase  in  size  with  diminished 
pressure. 

Belation  of  Transpiration  to  Internal  Processes  of  Orowth.^ — 
According  to  P.  Sorauer,  transpiration  results  from  two  sources,  viz. 
the  water  derived  from  processes  of  oxidation  within  the  plant,  and 

♦  Ber.  Deut8ch.  Bot.  Gesell.,  i.  (1883) ;  General  vers,  in  Freiburg,  xzix.-zzz. 
t  SB.  K.  Akad.  Wies.  Wien,  Ixxxviii.  (1883)  (1  pi.). 

X  FofBch.  auB  d.  Geb.  der  Agrioulturphytik,  tI.  (1883)  p.  79.  8ee  Natur- 
forscher,  zvi.  (1883)  p.  470. 
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tbat  which  soryee  as  a  mechanical  transport  of  material  and  passes 
vnchanged  through  the  plant.  It  may  therefore  be  compared  to  the 
perspiration  of  animals,  and  is  intimately  connected  with  the  process  of 
oxidation  within  the  plant. 

It  results  from  this  hypothesis  that  the  transpiration  from  the  leaf 
per  unit  of  surface  must  be  less,  the  less  actiye  the  internal  activity  of 
growth,  or,  in  other  words,  the  larger  the  amount  of  surface  which  goes 
to  the  production  of  a  given  weight  of  dried  substance.  The  correctness 
of  this  view  was  proved  by  the  following  experiments : — Toung  seed- 
ling cucumbers,  10  cm.  long  and  of  an  average  weight  of  1  -  5  g.,  were 
each  placed  on  June  14  in  a  vessel  of  two  litres  capacity,  containing 
1700  g.  of  leaf-mould,  and  400  g.  water.  On  July  17,  the  plants  had 
an  average  leaf-surface  of  1700  g.,  and  had  transpired  454  g.  water. 
Five  fully  developed  leaves  were  now  removed  from  one  plant,  having 
a  superficies  of  525  -  2  sq.  cm.,  and  a  weight  of  9  *  42  g.  These  plants, 
from  which  one-half  of  the  leaf-surface  had  now  been  removed,  main- 
tained the  same  amount  of  transpiration  as  the  uninjured  ones,  showing 
that  the  surface  which  remained  must  have  performed  a  portion  of  the 
work  of  the  leaves  that  had  been  removed.  On  August  8  a  still  further 
quantity  of  leaves  with  a  superficies  of  88  *  8  sq.  cm.  and  a  weight  of 
8*2  g.  was  removed.  Since  the  first  denudation  the  plant  had  grown 
very  quickly,  having  formed  10  leaves  with  a  superficies  of  1121*79 
sq.  cm.  At  the  same  time  16*2  g.  were  removed  from  a  second 
plant,  having  a  superficies  of  264*1  sq.  cm.  After  fourteen  days 
the  amount  of  transpiration  was  again  nearly  the  same  from  all  the 
plants.  Those  which  had  been  denuded  showed  no  decrease  of  trans- 
piration, the  substance  removed  being  replaced  by  a  rapid  fresh  pro- 
duction of  leaf-surface.  A  second  series  of  experiments  gave  similar 
results. 

Transpiration  was  also  shown  to  be  dependent  on  the  concentration 
of  the  nutrient  solutions.  Experiments  were  made  on  four  different 
species  of  cereals,  with  five  different  concentrated  solutions,  and  the 
transpiration  was  found  to  be  less  in  proportion  to  the  concentration  of 
the  fluid.  With  those  solutions  in  which  the  plant  grew  most  rapidly, 
the  absolute  amount  of  transpiration  was  large,  as  was  the  geneiul 
metastasis,  but  the  relative  proportion  to  the  weight  of  newly  formed 
substance  was  yery  small. 

The  following  is  Sorauer's  explanation  of  these  phenomena.  A 
maximum  transpiration  accompanies  the  rapid  production  of  substance 
in  an  optimum  nutrient  solution.  But  for  this  fresh  production  a 
certain  quantity  of  mineral  constituents  is  indispensable,  and  these  are 
absorbed  by  the  roots  out  of  the  fluid.  When  this  solution  is  very 
dilute,  a  larger  quantity  of  water  must  be  carried  up ;  and  thus,  with 
the  increase  of  the  mechanical  water  of  transpiration,  the  total  quantity 
of  water  transpired  increases  above  the  optimum  with  the  decreasing 
concentration  of  the  fluid. 

Easily  Ozidizable  Constituents  of  Plants.* — It  is  a  well-known 
fact  that  the  juices  of  many  plants  become  discoloured  on  exposure  to 

*  Zeitacbr.  Physiol.  Chem.,  vi.  (1883)  pp.  263-79.    See  Journ.  Chem.  Soo.^ 
Abstr.,  xliv.  (1883)  pp.  880-1. 
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the  air ;  so,  too,  sections  of  steins  and  roots,  of  leaTea,  and  fleshj 
fruits  which  acquire  a  brown  colour  on  exposure.  LitUe  has  been 
ascertained  in  regard  to  the  physiology  of  these  changes.  They 
obviously  depend  upon  the  oxidation  of  certain  oonstitnents ;  this  is 
seen,  for  instance,  on  'exposing  grated  potatoes  to  the  air,  when  the 
uppermost  layer  assumes  a  brown  colour,  which  by  frequent  turning 
over  of  the  mass  may  be  communicated  throughout.  The  same  is 
seen  in  the  case  of  the  expressed  juice  of  the  potato.  Putrefaction  or 
fermentation,  and  reducing  agents,  such  as  sulphurous  or  hydro- 
sulphuric  acid,  decolorize  these  fluids.  The  juice  of  the  white  sugar- 
beet  is  even  more  sensitive,  becoming  on  exposure  to  the  air  inunedi- 
ately  of  a  dirty  wine-red  colour,  then  violet,  brown,  and  finally 
almost  black.  These  facts  indicate  the  presence  in  plants  of  easily 
oxidizable  bodies,  and  inasmuch  as  the  products  of  their  oxidation  do 
not  occur  within  the  uninjured  cells,  it  follows  that  there  is  either  no 
free  oxygen  in  the  latter,  or  that  these  oxidizable  substances  are 
accompanied  by  other  reducing  substances,  which  hinder  their  oxida- 
tion, or  again,  that  in  the  protoplasm  oxidation  affords  other  uncoloured 
products.  Upon  which  of  these  three  factors  the  colourless  state  of 
the  protoplasm  and  cell-sap  of  living  plants  depends  is  not  yet  decided. 

In  the  study  of  oxidation  processes  in  the  living  plant-oeU, 
an  important  question  presents  itself^  as  to  whether  substances  occur 
in  the  cell,  which  at  ordinary  temperatures  unite  with  atmospheric 
oxygen  witiiout  the  essential  co-operation  in  this  process  of  the  living 
protoplasm.  Difficult  as  the  problem  is,  the  isolation  and  determina- 
tion of  the  constitution  of  these  easily  oxidizable  substances  forms  an 
indispensable  preliminary  step.  It  may  be  conjectured  that  they 
belong  to  the  aromatic  series.  In  this  connection  the  numerous 
hydroxybenzene  derivatives  claim  attention,  of  which  many  are 
known  to  be  easily  oxidizable.  Pyrogallol  in  alkaline  solutions 
greedily  absorbs  oxygen  and  becomes  decomposed  into  carbonic 
anhydride,  acetic  acid,  and  a  brown  body  of  unknown  nature.  The 
dihydroxybenzenes  (catechol,  resorcinol,  and  quinol)  are  easily  oxidi- 
zable bodies,  and  their  methyl  derivative,  orcinol,  is  coloured  red 
by  the  air.  As  regards  derivatives  of  the  anthraquinone  seriesi 
there  is  the  change  of  indigo  white  into  indigo  blue,  and  the  behay- 
iour  of  Boletus  luridusy  the  colourless  section  of  which  becomes  at 
once  blue  on  exposure  to  the  air.  Lastly,  there  is  a  series  of  complex 
plant-constituents,  undoubtedly  benzene  derivatives,  although  their 
constitution  has  not  yet  been  ascertained,  which  exhibit  many 
analogies  to  the  discoloration  of  plant-juices.  Of  these  brazilin 
may  be  named,  the  colourless  aqueous  solution  of  which  becomea 
first  yellow,  then  reddish  yellow  in  the  air. 

J.  Beinke,  in  his  endeavours  to  isolate  the  easily  oxidizable 
constituents  of  the  sugar-beet  and  potato  to  which  the  discoloration 
of  their  respective  fluids  is  attributable,  succeeded  in  the  first 
instance  in  isolating  from  the  beet-root  a  chromogen  which  on 
exposure  to  the  air  acquired  a  red  colour.  This  substance  he  has 
accordingly  designated  Bhodogen,  The  product  of  its  oxidation  he 
terms  heei-red^  and  he  notes  certain  remarkable  analogies  between  the 
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abflorption-bands  of  this  substance,  and  of  the  colouring  matter  of 
AnchuBa  iinctaria^  alkanet  red,  the  spectnun  of  each  showing  three 
bands  occupying  identical  positions.  These  inyestigations  haye  there- 
fore so  far  afforded  proof  of  the  existence  in  the  colourless  cells  of 
the  sugar-beet  of  an  easily  oxidizable  colourless  body,  capable  of  iso- 
lation, which  by  itself,  without  the  aid  of  the  living  protoplasm  of 
the  plant,  can  split  up  the  oxygen  molecule,  forming  a  coloured 
substance. 

The  isolation  of  the  chromogen  of  the  potato  has  not  succeeded  so 
satisfactorily.  The  presence  of  yanillin  in  the  juice  appeared  to  be 
shown  by  the  strong  odour  of  vanilla.  Yanillm  has  been  detected 
by  Scheibler  in  raw  beetHBUgar.  A  substance  resembling  catechol, 
but  not  identical  with  it,  was  also  separated.  It  would  seem  to  be 
the  same  body  discovered  by  Gorup-Desanez  in  the  leaves  of  the 
Virginian  creeper.  It  is  undoubtedly  an  acid,  and,  amongst  the  known 
aromatic  acids,  most  closely  corresponds  in  its  reactions  with  hydro- 
caffeic  acid.  In  conclusion,  the  author  suggests  the  hypothesis  that 
these  easily  oxidizable  bodies  belong,  in  their  physiological  relations, 
to  the  retrogressive  series,  perhaps  originating  from  the  breaking  up 
of  albumin,  or  formed  by  the  synthesis  of  the  products  of  such  decom- 
position, and  that  in  these  features  the  process  is  allied  to  that  of 
respiration. 

Action  of  Light  on  the  Elimination  of  Oxygen.* — The  following 
are  the  main  results  of  a  series  of  experiments  by  J.  Eeinke  on 
Elodea: — 

The  evolution  of  oxygen  which  is  dependent  on  light  begins  with  a 
mean  illumination  and  increases  pari  passu  to  a  maximum  with 
increasing  intensity  of  light,  this  optimum  corresponding  nearly 
to  direct  sunlight ;  any  further  increase  in  the  intensity  of  light  does 
not  increajse  the  development  of  gas.  Indicating  the  inteiisity  of 
ordinary  direct  sunlight  by  1,  one-fourth  that  amount  by  1/4,  and  four 
times  that  amount  by  4/1,  the  two  lower  rows  in  the  following  table 
indicate  the  number  of  bubbles  given  off  in  1/4  minute  in  two 
different  experiments : — 

1/1  4/1  16/1  36/1  64/1 

30  32  31  26  27 

28  31  28  30  29 

In  light  of  800/1,  the  plant  gave  off  in  two  minutes  the  same 
number  of  bubbles  as  in  ordinary  sunlight ;  the  stream  then  ceased, 
the  chlorophyll  being  bleached.  In  light  of  from  64/1  to  300/1 
intensity,  the  gases  exhaled  do  not  contain  more  carbonic  acid  than 
that  produced  by  the  green  plant  in  ordinary  sunlight.  From  all 
these  facts  he  draws  a  conclusion  unfavourable  to  Pringsheim's 
hypothesis  that  chlorophyll  acts  as  a  protecting  screen  against  the  light. 

Red  Pigment  of  Flowering  Plants. t~  H.  Pick  points  out  that 
those  organs  of  flowering  plants  in  which  carbo-hydrates  are  present 

♦  Bot.  Ztg.,  xli.  (1883)  pp.  697-707,  713-23,  732-8. 

t  Bot.  Centralbl.,  xvi.  (1883)  pp.  281-4,  314-8,  343-7,  375-83  (1  pi.). 
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in  large  quantities,  and  in  which  they  undergo  transport  from  place 
to  place,  are  very  commonly  coloured  red.  This  is  especiftlly  the 
case  with  the  young  branches  of  trees  and  other  perennial  plants,  such 
as  the  oak  and  rose,  and  with  the  earliest  spring-leaves,  the  leaf-stalks, 
and  the  principal  veins  of  the  upper  surface  of  the  leaf.  But  this 
colouring  is,  as  a  rule,  confined  to  those  parts  which  are  exposed  to 
the  direct  action  of  the  sun,  and  is  always  directly  connected  with 
the  presence  of  tannin.  Transverse  sections  through  young  leaf-buds 
of  the  rose  show  that  the  entire  epidermis  of  every  leaflet  up  to  the 
cone  of  growth  is  impregnated  by  a  hyaline  and  strongly  refraotiTe 
mass,  as  also  are  those  cells  which  are  afterwards  distinguished  as 
the  conducting  cells  of  the  carbo-hydrates,  such  as  the  Tascular 
sheaths  This  opalescent  substance  is  readily  proved  to  be  tannin. 
As  the  red  tinge  developes  in  these  parts,  the  refringency  gradually 
diminishes,  the  tannin  becoming  transformed  into  the  red  pigment. 
With  regard  to  the  localization  of  the  tannin  which  undergoes  this 
transformation,  it  may  occur  either  almost  entirely  in  the  epidennis, 
as  in  the  hazel,  beech,  vine,  and  many  other  plants,  or  both  in  and 
below  the  epidermis,  as  in  the  horse-chestnut,  privet,  elder,  &c  ;  less 
often  it  is  not  found  in  the  epidermis,  or  only  in  slight  traces,  as  in 
the  different  species  of  poplar  and  willow. 

The  conditions  under  which  this  red  pigment  is  formed  are  the 
direct  action  of  sunlight  and  a  low  temperature,  but  more  especially 
the  former,  differing  in  this  respect  from  the  red  pigment  of  autumn 
leaves,  the  formation  of  which  is  due  chiefly  to  a  low  temperature. 
If  seeds  of  maize  germinate  in  the  dark,  the  young  plant  developes 
without  a  trace  of  red  colour,  which,  however,  makes  its  appearance 
as  soon  as  they  are  exposed  to  the  sun,  especially  in  the  tigellum. 
The  same  is  usually  the  case  with  the  veins  on  the  under  side  of  the 
leaf ;  and  the  colour  is  always  most  intense  on  the  side  of  the  stem 
which  is  most  exposed  to  the  sun.  The  leaves  of  Begonias,  and  some 
other  plants,  form  an  exception  to  this  rule,  the  colouring  being  most 
intense  in  the  veins  on  the  under  side.  Plants  in  which  only  a  very 
small  quantity  of  tannin  is  formed,  as  the  SolanacesB,  OleacesB,  the 
laburnum,  mulberry,  &c.,  display  scarcely  any  red  coloration. 

The  vertical  position  of  the  majority  of  stems  removes  them  to  a 
large  extent  from  the  direct  light  of  the  sun,  and  they  show,  as  a  rule, 
but  little  colour ;  this  is  strongly  contrasted  with  the  prevalent  red 
colour  of  the  upper  side  of  creeping  stems,  such  as  the  stolons  of  the 
strawberry,  species  of  Potentilla,  &c.  The  petioles  of  leaves,  and  the 
separate  pedicels  of  flowers  in  an  inflorescence  are,  on  the  other  hand, 
very  commonly  more  or  less  deeply  coloured.  In  tropical  countries 
the  colouring  is  much  more  universal  and  intense  than  with  us. 

Spectroscopic  analysis  of  the  red  pigment  shows  that  it  completely 
absorbs  the  yellow  and  green  rays  from  D  to  6,  partially  those 
from  5  to  a  little  beyond  F,  and  the  ultra-violet.  The  rest  of  the 
spectrum  is  bright,  the  brightest  portion  lying  between  B  and  C,  and 
on  both  sides  of  G.  These  are,  on  the  other  hand,  the  most  strongly 
absorbent  portions  of  the  spectrum  of  chlorophyll. 

The  pigment  is  readily  soluble  in  cold  water,  and  the  effect  was 
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liscertained  of  growiDg  plants  Lohind  a  screen  of  the  solntion.  It 
was  fonnd  that  the  chromatophores  turn  green,  and  assimilate  under 
these  circumstances,  and  that  the  rod  light  is  especially  favourable  to 
the  absorption  and  transport  of  starch.  This  clearly  indicates  the 
purpose  of  the  red  pigment  in  the  young  shoots  and  other  parts  of  the 
plant ;  and  the  same  is  the  explanation  of  the  red  colour  of  autumn 
leaves.  Different  portions  of  a  large  leaf  of  Bicinus  communis  were 
exposed  to  (1)  light  passed  through  ruby  glass;  (2)  light  passed 
through  orange-coloured  glass ;  (3)  light  passed  through  an  aqueous 
solution  of  the  red  pigment  of  the  red  beet.  After  four  hours :  in 
(1)  the  starch  was  found  chiefly  in  the  conducting  tissue ;  in  the 
palisade-cells  there  was  not  a  trace  of  it.  In  (2)  no  important  result 
was  found.  In  (3)  the  starch  had  transferred  itself  from  the  palisade- 
tissue  to  the  conducting  mesophyll  of  the  leaf. 

Crystals  of  calcium  oxalate  are  very  commonly  found  in  the 
palisade-cells  and  in  the  underlying  mesophyll ;  and  these  the  author 
believes  to  have  an  important  function  in  connection  with  the  trans- 
formation of  starch  into  other  substances  ;  which,  however,  requires 
further  investigation. 

Coloured  Roots  and  other  coloured  parts  of  Plants.* — F.  Hil- 
debrand  describes  the  following  parts  of  plants  which  are  coloured 
in  an  unusual  manner. 

The  roots  of  Pontederia  crassipes,  which  hang  down  in  the  water, 
are  of  a  dark  violet-blue  colour,  due,  not  to  any  pigment  in  the  cell- 
sap,  but,  like  those  of  Fosaonibronia  pusiUaj  to  the  cell-wall  itself 
being  coloured.  The  under  side  of  the  floating  leaves  is  provided, 
which  is  very  unusual,  with  stomata,  the  colour  being  also  here  in 
the  cell-wall  of  the  guard-cells  and  adjoining  epidermal  cells.  Hil- 
debrand  suggests  that  the  purpose  of  this  colouring  may  be  to  render 
the  parts  in  question  less  visible  to  animals. 

Wctchendorfia  ihyrsiflora  has  bright  red  roots  due  to  a  coloured 
fluid  substance  in  the  cells;  and  presents  the  very  remarkable 
phenomenon  of  the  pigment  being  formed  even  in  absolute  darkness. 

The  bright  red  colour  of  the  fruit  of  Bivina  humUis  is  produced, 
like  that  of  the  bracts  of  Euphorbia  fulgens,  by  the  superposition  of  cells 
containing  different  pigments,  orange  and  violet-red. 

In  relation  to  the  above  paper,  P.  Ascherson  j  gives  a  description 
of  the  instances  known  to  him  in  which  coloured  roots  occur  in 
plants  belonging  to  the  orders  PontederiacesB,  HaBmodoraceflB,  and 
Cyperaceie. 

Starch  in  the  £oot^ — A.  Tomaschek  finds  that  the  starch- 
containing  cells  of  the  root  are  confined  to  the  layer  of  meristem 
between  ^e  root-cap  and  the  body  of  the  root,  the  remaining  tissue 
of  the  apex  of  the  root  not  exhibiting  a  trace  of  starch.  Shortly  after 
the  first  roots  had  emerged  from  the  seed  and  taken  a  geotropic 
direction,  the  starch  had  already  disappeared  from  the  apex  of  the 
root,  or  was  found  in  only  a  very  few  cells. 

♦  Ber.  DeutBch.  Bot.  Geeell.,  i.(1883);  General  vers,  in  Freibnrff,  xxvii.-xxix. 

t  Ibid.,  pp.  498-502. 

X  Oeftterr.  Bot.  Zeitschr.,  xxxiii  (1883)  pp.  291-3. 
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Proteidf  as  Betenre-food  Materiali.*— M.O.  Potter  has  emnined 
a  large  number  of  leaf-buds,  rhizomefl,  tubers,  oorms,  and  bolbi^ 
with  a  view  to  determine  the  presence  of  proteid-granules  or 
crystalloids.  In  none  of  them,  with  only  one  exception,  did  he  find 
any,  although  starch  was  present  in  abundance ;  but  this  may  have  been 
due  in  some  cases  to  their  baying  already  germinated.  The  exception 
was  in  bulbs  of  NarcUnis  poetiaUf  where  proteid-granoles  were  formed 
of  relatively  large  size,  and  apparently  only  one  in  each  celL  They 
consisted  of  an  outer  hyaline  and  an  inner  opaque  part,  the  latter 
being  soluble  in  dilute  potash.  They  were  insoluble  in  ether, 
alcohol,  acetic  acid,  or  solution  of  sodium  chloride,  and  were  stained 
orange  yellow  by  iodine.  They  disappeared  soon  after  the  bulb  had 
commenced  to  grow. 

Leucoplastids.! — A.  F.  W.  Schimper,  replying  to  the  opposite 
yiew  of  A.  Meyer^  reaffirms  his  theory  that  the  protoplasm  of  leuoo- 
plastids  is  itself  used  up  in  the  formation  of  starch,  supporting  it  by 
the  statements  that  in  many  plants  the  leucoplastid  crystals  occur 
only  in  the  epidermis  where  no  formation  of  starch  takes  place ;  and 
that  the  crystals  eventually  entirely  disappear  in  those  cells  where 
abundance  of  starch  is  formed.  That  it  is  the  albumen  itself  which 
crystallizes,  he  argues  from  the  fact  that  protein-crystals  are  often 
found  in  leucoplastids,  and  from  various  other  considerations. 

Cleistogamons  Flowers.  § — T.  Meehan  describes  deistogamoua 
flowers  in  Nemophila  mcKulaia,  Impatietu  paUida,  and  Viola  tar- 
meniosoj  all  of  which  produce  abundance  of  seeds,  no  perfect  corollas 
being  observed  on  any  of  them.  Opuntia  leptocaulis  produced  a 
number  of  small  flower-buds,  some  of  which  opened.  These  resulted 
in  fruits  which  took  a  full  year  to  mature,  becoming  a  bright  rosy 
red,  but  containing  no  seeds. 

Cultivation  of  Plants  in  Decomposing  Solutions  of  Organic 
Hatter.  1 1 — V.  Jodin  chose  for  bis  experiments  vegetable  debris,  or 
pulverized  plants,  which  were  dissolved  in  distilled  water ;  on  the 
surface  of  these  were  placed  the  grains  of  experiment ;  as  decompo- 
sition went  on  the  grains  germinated  and  fructifled,  by  assimilating  part 
of  the  mineral  elements  and  some  of  the  nitrogen  of  the  solution. 
At  the  end  of  three  or  four  months  the  liquid  was  found  to  be  limpid 
and  odourless;  on  evaporation  it  left  a  residue  of  potash,  which 
appeared  to  be  united  to  a  brown  organic  body ;  on  calcination  nitric 
acid  could  be  detected. 

The  author  gives  a  table  of  the  weights  of  material  used,  from 
which  it  is  seen  that  of  the  primitive  nitrogen  35  or  36  per  cent,  has 
disappeared ;  and  concludes  by  suggesting  that  the  method  of  experi- 
ment which  he  has  adopted  will  be  found  to  be  of  use  in  the 
investigation  of  certain  problems  of  plant  physiology. 

♦  Proc.  Camb.  Phil.  Soc.,  iv.  (1883)  pp.  331-3. 

t  Bot.  Ztg.,  xli.  (1883)  pp.  809-17. 

X  See  this  Journal,  iii.  (1883)  p.  289. 

§  Bull.  Torrey  Bot.  Club,  x.  (1883)  pp.  119-20. 

II  ComptoB  Rendus,  xcvii.  (1883)  pp.  1506-7. 
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Disease  of  the  Weymonth  Pine.* — ^B.  Hartig  attributes  the 
disease  to  which  this  pine  is  so  liable  in  Germany  to  the  fact  of  the 
thinness  of  its  cork-layer,  owing  to  its  native  habitat,  the  boggy 
lowlands  of  North  America.  It  is  therefore  unable  to  resist  the  yery 
high  transpiration  from  the  heat  of  the  snn  in  Central  Europe,  whidi 
results  in  the  drying  up  of  the  bark  and  cambium,  especially  on 
the  southern  and  western  sides,  thus  rendering  the  trunk  extremely 
subject  to  the  attacks  of  fungi,  such  as  Agaricm  meUetUf  Coleatparium 
Senedonia,  and  Trametea  radiciperda. 

Flora  of  Spitzbergen.t— A.  G.  Nathorst  gives  the^  following  as 
the  main  results  of  two  visits  to  Spitzbergen  in  1870  and  1882  :  — 

1.  The  flora  of  Spitzbergen  is  richer  than  that  of  any  other 
country  of  the  same  latitude,  except  possibly  Grinnell-land ;  and  it 
is  probable  that  there  are  still  vascular  plants  remaining  to  be 
discovered. 

2.  The  larger  part,  at  all  events,  of  the  Arctic  flora  avoids  the  coast, 
and  attains  its  richest  development  in  the  most  continental  regions. 

8.  During  the  glacial  period,  only  a  very  few  species,  if  any, 
could  have  maintained  themselves  in  Spitzbergen ;  most  or  all  of  those 
which  now  constitute  its  flora  must  have  migrated  there  during  the 
post-glacial  period. 

4.  About  75  per  cent,  of  the  vascular  plants  flourish  there  and 
produce  seeds.     These  are  probably  the  species  which  migrated  first. 

5.  The  remainder,  mostly  bog-  and  shore-plants,  are  t£e  survivors 
of  a  portion  of  the  post-glacial  period  when  the  climate  was  warmer 
than  it  is  now ;  these  migrated  later  than  the  others. 

6.  The  migration  of  the  Spitzbergen  flora  took  place  over  land, 
with  perhaps  a  few  exceptions. 

7.  This  land  formed  a  now  submerged  connection  between 
Spitzbergen,  Nova  Zembla,  Arctic  Bussia,  and  Scandinavia,  from  which 
countries  the  flora  is  derived. 

8.  No  interchange  with  Greenland  took  place  during  the  quater- 
nary period,  except  perhaps  accidentally. 

B.    GBYPTOaAIOA. 

Crsrptogamia  Vascularia. 

Fructification  of  Fossil  Fems-t— B.  Zeiller  has  examined  and 
described  a  large  number  of  ferns  from  the  "terrain  houiller,'* 
where  they  are  very  abundant,  though  the  fructification  is  compara- 
tively rare.  From  the  remains  which  he  has  been  able  to  examine, 
chiefly  from  the  Pas-de-Calais,  he  gives  detailed  descriptions  of  the 
following  genera : — 

L  Sporangia  grouped  into  a  synangium,  and  partially  united : — 
MarattiacesB.  Sporangia  without  annulus.  Genera  i—Orosaoiheca  n.  g. — 

*  Unters.  aus  d.  Forstbot.  Inst.  Munchen,  iii.  (1883)  pp.  145-9.  See  Bot. 
Centralbl.,  zvL  (1883)  p.  304. 

t  K.  Bvensk.  VeteD8k.-Akad.  Handl.,  xx.  (1888).  See  Natnrfortofaer,  xvi. 
(1888)  p.  457. 

X  Ann.  8ci.  Nat.  (Bot.X  xvi.  (1883)  pp.  177-209  (4  pl8.> 


202  8UMMABT  OF  CUBBSNT  BE8BAA0HE8  RKLAXIHO  TO 

sporangia  pendent  in  the  form  of  a  fringe ;  pinme  dimorphic  Calym^ 
natotheca  8tur.  Dactylotheca  n.  g. — sporangia  exposed,  especially  on 
the  inferior  lobes,  almost  like  the  fingers  of  a  hand.  Benamtia  n.  ^. — 
sporangia  resembling  those  of  Angtopteris^  bat  isolated.    Myrioiheea 

n.  g. 

II.  Sporangia  with  annulus: — Senftenhergia  Corda.  OUgoearpia 
Gop.  (GleicbeniacesB).  HymenophyUites  C^p.  (Hymenophyllacee). 
Diplotmema  Star.     Orand^Eurya  n.  g.,  nearly  allied  to  ZygapterU, 

The  author  considers  that  the  family  BotryopteridaoeiB  formed 
by  Renaalt  should  be  regarded  as  ranking  with  Gleicheniaceg, 
Cyatheacece,  and  PolypodiaoesB,  if  not  with  IfarattiacesB. 

Prothalliom  of  Stmthiopteris  germanioa.* — ^D.  H.  Campbell  has 
cultiyateil  the  spores  of  this  fern,  and  finds  the  prothallinm  to  be 
distinctly  dioecious.  The  male  and  female  prothallia  difiTer  some- 
what in  form,  the  former  being  more  distinctly  heart-shaped. 

MuBcineas. 

Mucilage-organB  of  Marchantiace8B.t — Organs  containing  moci- 
lage  have  been  recently  described  by  several  observers  in  diffdrent 
species  belonging  to  the  MarchantiacesB.  B.  Preacher  has  ftT^tniwfM^ 
them  in  detail,  with  the  following  results :  — 

Organs  of  this  kind  occur  in  a  large  number  of  species,  usually 
in  the  form  of  isolated  mucilage-cells,  as  in  Marchantia  polymorpha^ 
cartUaginea,  chenopoda^  and  pcdecLcea^  Preissia  commutata  and  quadrata, 
Clecea  hycUina^  and  Plagiochasma  Bousaelianum.  FegateUa  oonica 
contains  in  addition  mucilage-tubes.  The  mucilage-cells  occur  in  the 
thallus,  and  in  the  male  and  female  receptacles,  and  especially  in  the 
tissue  without  intercellular  spaces ;  they  are  found  in  the  greatest 
numbers  immediately  beneath  the  layer  which  contains  the  air- 
chambers  ;  less  often  they  occur  also  in  the  epidermis,  as  in  If. 
cartilaginea  and  chenopoda  ;  and  in  the  septa  of  the  air-chamber  layer, 
as  in  M.  chenopoda,  Clevea  hyalina,  and  Plagiochasma  Bousgelianum. 
The  mucilage-tubes  of  Fegatella  conica  are  found  exclusively  in  the 
tissue  of  the  mid-rib  of  the  thallus,  which  has  no  interoeUular  spaces. 

All  the  organs  which  contain  mucilage  are  differentiated  at  a  very 
early  period  near  the  growing  points.  They  are  distinguished  in 
their  youngest  state  by  their  thm  cell-walls  and  abundant  protoplasm. 
Several  segments  usually  go  to  the  formation  of  a  mucilage-tube. 

The  mucilage  is  formed  out  of  the  protoplasm,  which  never  con- 
tains starch.  It  lies  in  contact  with  the  primary  cell- wall,  in  the 
form  of  a  thin  layer  which  gradually  becomes  thicker,  and  displays 
from  the  first  it&  peculiar  chemical  and  physical  properties.  It  is 
highly  refractive,  and  has  great  power  of  swelling;  treated  with 
alcohol,  it  displays  stratification,  and  a  brownish  colour ;  its  yellow 
reaction  with  iodine  and  sulphuric  acid  indicates  an  afiEuiity  with 
vegetable  gum.  In  older  parts  of  the  thallus  both  cells  and  tubes 
are  completely  filled  by  mucilage;  protoplasm  is  essentially  con- 
cerned in  its  formation. 

♦  Bull.  Torrey  Bot.  Club,  x.  (1883)  pp.  118-9. 

t  SB.  Akad.  Wiw.  Wien,  Ixxxvl  (1882)  pp.  132-58  (2  pli.). 
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The  fiact  that  the  colls  themselves  increase  in  size  daring  the 
formation  of  mucilage,  necessitates  the  hypothesis  that  intussuscep- 
tion takes  an  active  part  in  the  formation  of  all  those  layers  which 
are  formed  before  ihe  completion  of  the  growth  of  the  cells.  If 
growth  took  place  by  apposition  only,  the  layers  would  be  formed 
only  after  the  cells  had  obtained  their  full  size. 

The  walls  of  the  mucilage-tubes  do  not  assume  a  condition 
capable  of  swelling  during  their  development,  but  retain  their  struc- 
ture to  the  end.  The  death  of  the  thallns  causes  the  tubes  to  open 
in  succession  and  discharge  their  contents.  The  disorganization  of 
the  mucilage-cells  in  the  end  of  the  thallus  takes  place  in  the 
same  way. 

Nothing  can  be  said  with  certainty  with  regard  to  the  physio- 
logical function  of  the  mucilage-organs  of  the  MarchantiaceaB,  but  it 
is  probably  connected  with  their  great  power  of  swelling,  owing  to 
the  capacity  of  their  contents  for  absorbing  water. 

GharacesB. 

CharacesB  of  the  Argentine  Eepublic* — 0.  Spegazzini  describes 
six  species  of  Nitella,  with  four  forms,  one  of  Lamprothamnu8,  and 
three  of  Char  a,  with  two  forms.  The  species  of  Lamprothamnus  ia 
new,  and  is  thus  described : — X.  Montevidemis  Speg.  Maximus,  crassus, 
capitate  ramosus,  ecorticatus,  monoicus.  Antheridia  globoso-polygona, 
mfo-f usca  v.  rufo-rubra  (0  *  20-0  *  22  mm.  diam.) ;  sporangia  ad  basin 
antheridiorum  enata,  infera,  globosa  (0*30-0*35  mm.  diam.),  rubes- 
centia,  subinconspicue  5-7  gyrata,  apice  coronula  mammiforme,  obtosa 
breviusculaque  ornata.     Near  Montevideo. 

American  Species  of  Tolypella.! — The  two  families  into  which 
the  GharaceflB  may  be  divided  are  distinguished  by  the  structure  of 
the  corona  of  the  sporangium  (archegonium),  which  consists  in  the 
Chareffi  of  five,  in  ihe  Nitelleas  of  ten  cells ;  in  some  species  of  the 
latter  family  it  is  evanescent.  The  Nitelleas  again  may  be  divided 
into  two  genera,  distinguished  chiefly  by  the  position  of  the  antheri- 
dium,  which  in  Nitdla  is  apical,  on  the  primary  ray  of  the  loaf,  the 
archegonia  being  lateral  on  the  node  below  the  antheridium ;  and  the 
leaves  having  but  one  leaf-bearing  node.  In  TolypeUa  the  antheridia 
are  one  or  several,  lateral  on  the  nodes  of  the  leaf  and  leaflet ;  the 
leaves  have  from  one  to  three  nodes  bearing  leaflets. 

T.  F.  Allen  gives  a  full  account  of  the  American  species  of 
Tolypelkiy  and  proposes  the  following  general  classification  of  the 
twelve  known  species  of  the  genus,  of  which  four  are  now  described 
for  the  first  time : — 

I.  Obtusifolia. — Corona  evanescent ;  sterile  leaves  undivided. 

A.  Ultimate  cell  of  the  primary  ray  of  the  leaf  longer  than  the 

other  cells.    1  sp. : — T.  longicoma  A.  Br. 

B.  Ultimate  cell  not  longer.   I  sp.: — T.  nidifica  Leonh.;    T, 

Normaniana  Ndst.  ;  T.  glomerata  Leonh. ;  T.  camoaa  Allen. 

*  Ann.  Soo.  Oientif.  Argentina,  xv.  (1883)  pp.  218-31.  See  fiot.  Gentmlbl., 
xvi.  (1883)  p.  257. 

t  Bull.  Tonrey  Bot.  Club,  x.  (1883)  pp.  109-17  (6  pis.). 
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II.  AoxTTiFOLiA. — Corona  persistent. 

A.  Indivisa.     Sterile  leaves  nndivided.     2  sp. : — T.  proU/era 

Leonh. ;  T.  fimbricUa  Allen. 

B.  Divisa,  Sterile   leaves  divided,   usually  into  four  terminal 

leaflets.   5  sp. : — T.  calif omica  A.  Br. ;  T,  iUpitaia  Allen ; 
T.  intricata  Leonh. ;  T.  iniertexta  Allen ;  T.  apieulaia  A.  Br. 

Fungi. 

Rabenhorst^B  Cryptogamio  Flora  of  Oermany  (FungO.* — ^The 
publication  of  this  important  work  has  now  advanced  as  &r  as  the 
issue  of  the  first  division  of  the  first  volume,  which  is  to  compriia 
the  Fungi,  under  the  editorship  of  Dr.  G.  Winter.  The  present  divi- 
sion includes  the  Schizomycetes,  Saccharomyoetes,  and  Basidio- 
mycetes,  all  the  species  being  described  which  are  natives  of  Gennany, 
Austria,  and  Switzerland. 

Hysterophymes.! — H.  Karsten  applies  this  term  to  elementary 
organs  which  nave  been  mistaken  for  independent  living  animal  or 
vegetable  organisms.  In  the  present  paper  he  explains  the  process 
by  which  he  has  developed  them  synthetically  by  constructing  artificial 
cells  of  potato  digested  in  a  nutrient  fluid  of  about  5  per  cent,  solu- 
tion of  sodium-ammonium  phosphate  with  some  potassium  sulphate. 
In  such  cells  albumen-cells  may  be  seen  to  develope,  and  to  multiply  in 
a  linear  direction  into  the  well-known  bacterium,  bacillus,  and  vibrio 
forms.  The  contents  of  these  bacterioid  organisms  are  coloured  blue 
by  iodine  in  a  certain  stage  of  development.  On  the  addition  of  a 
solution  of  cane-sugar,  the  bacterium-cells  formed  within  the  closed 
potato-cells  can  be  seen  to  increase  and  develope  into  the  torula-form. 

Cells  of  the  kohl-rabi  digested  in  the  same  nutrient  fluid  developed 
in  the  same  way  micrococci  and  bacteria ;  and,  since  they  were  taken 
from  the  bast-tissue,  where  there  are  no  intercellular  spaces^  Karsten 
regarded  any  entrance  of  germs  from  without  as  impossible.  The 
author  considers  the  experiments  to  prove  that  the  so-called  ferment- 
cells  arise  from  normally  developed  cell-sap  vesicles,  and  that  tomla- 
cells  are  only  a  stage  of  development  of  bacterium-cells  or  miorooooeL 

Oraphiola.:( — This  exotic  genus  of  Fungi  is  chiefly  known  from 
O,  Phosnids  parasitic  on  PluBnix  dactylifera  and  its  varieties,  as 
P.  canariensis,  also  on  ChamcBropa  humilis,  and  has  been  variously  re- 
ferred to  the  Myxomycetes,  UredinesB,  and  Pyrenomycetes.  E.  Fischer 
has  undertaken  a  detailed  examination  of  it,  as  well  as  of  three  other 
species,  O,  cov^esia,  parasitic  on  Chamceropa  palmetio,  and  O,  ditUeka 
and  compresMf  the  hosts  of  which  are  not  known  with  certainty,  and 
may  belong  to  quite  another  genus. 

The  fructification  of  O,  Phcmicis  consists  of  small  black  elevations 
on  both  sides  of  the  leaf  of  the  date-palm,  of  a  diameter  about  1  *  5  mm« 

*  Babenhorst,  L.,  *  Er3rptogamen-Flora  von  DeutBohland,  Oeeterreioh  u.  d. 
Schweiz.    l^  Band,  Pilze,  von  G.  Winter,  l<«  Abtheilung.'    Leipzig,  1884. 
t  Flora,  Ixvi.  (1883)  pp.  491-8. 
X  Bot.  Ztg.,  xli.  (1883)  pp.  745-56,  761-73,  777-88,  793-801  (1  pi.). 
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and  a  height  of  0*5  mm.  From  the  middle  projects  a  yellow 
colummvr  body,  about  2  mm.  in  height,  composed  of  a  number  of 
vertical  filiform  bodies  rising  from  its  base,  the  space  between  them 
being  completely  filled  by  a  mass  of  yellow  spores.  The  fructification 
may  be  regarded  as  consisting  of  four  parts,  an  outer  peridium,  an 
inner  peridium,  a  spore-forming  layer,  and  a  tuft  of  hyph®. 

The  outer  peridium  consists  of  a  circular  wall  which  spreads  oyer 
the  epidermis  of  the  leaf  of  the  host ;  it  varies  greatly  in  thickness, 
and  consists  of  a  number  of  branched  hyphas.  This  is  bounded  on  the 
inside  by  a  very  delicate  membrane,  the  inner  peridium. 

The  hyphse  which  are  destined  to  the  formation  of  spores  spring 
from  the  central  part  of  the  peiidium ;  they  are  vertical  to  the  surface 
of  the  leaf,  and  form  a  continuous  palisade-like  layer.  The  ends  of 
these  hyphsd  are  thicker  than  those  of  the  hyphas  which  compose  the 
sterile  weft ;  they  increase  gradually  in  diameter  upwards,  attaining 
at  the  apex  a  thickness  of  about  3-i  /m.  They  are  colourless,  and 
filled  with  protoplasm  which  is  either  homogeneous  or  more  refringent 
in  some  parts  than  others ;  they  are  septated  tranversely  into  short 
cells,  which  at  length  swell  into  a  spherical  or  ellipsoidal  shape 
and  become  readily  detached  from  one  another.  On  the  upper  of 
these  cells  small  protuberances  now  make  their  appearance,  which 
gradually  increase  in  size  till  they  have  attained  Uiat  of  the  oells 
from  which  they  spring ;  from  three  to  six  of  them  springing  from  one 
of  the  cells  of  the  hyphsB.  They  are  thin-walled  and  fiUed  with  pro- 
toplasm of  Yiarying  refrangibility,  which  has  passed  into  them  from 
that  of  the  hyphal  cell,  which  eventually  perishes.  These  bodies, 
which  the  autihor  calls  "  spore-initials,"  produce  the  spores  by  one  or 
more  bipartitions  of  their  contents.  The  ripe  spores  are  usually  found 
connected  together  in  pairs ;  they  are  sphericMd  or*  ellipsoidal,  and 
about  the  same  size  as  the  initials,  8-6  /m  in  diameter ;  their  mem- 
brane is  usually  moderately  thick,  colourless,  and  smootii. 

The  tufts  of  sterile  hyphas  spring,  like  the  fertile  ones,  from  the 
bottom  of  the  fructification.  They  are  slender,  cylindrical,  or  irregu- 
larly prismatic  bodies,  from  7-18  fi  in  thickness,  and  strongly 
refringent.  Each  larger  bundle  consists  of  from  50  to  100  of  such 
hyphffi ;  their  membrane  is  much  thicker  and  more  refringent  than 
that  of  the  fertile  hyphas,  but  the  refrangibility  differs  greatly  in 
different  ports  of  the  same  hyphad.  Their  mode  of  formation  is  very 
similar  to  that  of  the  fertile  hyphad.  As  they  develope  they  carry  up 
with  them  the  spores,  which  become  attached  to  them,  outside  the 
outer  peridium,  where  they  are  ready  for  dissemination. 

The  spores  appear  to  retain  their  power  of  germination  for  a  period 
of  from  three  to  four  months.  They  germinate  either  directly  with 
the  formation  of  a  septated  germinating  filament,  or  with  the  inter- 
vention of  a  single  cylindrical  sporidium  produced  from  each  spore. 
The  germinating  filaments  grow  to  a  length  of  400  /a  ;  their  further 
development  was  not  observed.  There  is  no  reason  for  believing  that 
the  genus  has  any  heteroecism  or  alternation  of  generations. 

As  regards  the  system&tic  position  oi  ChraphiolOy  the  author  does  not 
agree  with  any  of  the  views  hitherto  brought  forward,  but  considers  it 

Ser.  2.— Vol.  IV.  T 
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as  most  nearly  allied  to  the  Ustilagmefe  ;  differing  from  them  in  its 
highly  complex  fructification.  Until  transitional  forms  have  been 
found,  he  would  erect  it  into  a  separate  but  closely  allied  family 
under  the  name  GraphiolacesB. 

Pourridie  of  the  Vine.* — E.  Hartig  believes  that  the  cause  of  this 
disease  is  not  as  supposed,  the  '*  rhizomorph  "  of  Agariau  meHeus^  bat 
a  different  fungus,  Dematophora  necairix  n.  sp.,  clearly  distinguished 
from  the  former  by  its  peculiar  apical  growth,  the  formation  of  sclero- 
tioid  agglomerations  in  the  mycelium,  and  the  form  of  the  fructification. 
The  mycelium  is  parasitic,  and  rapidly  kills  not  only  the  vine,  bat 
many  other  trees  which  it  attacks.  Under  favourable  conditions^  it 
forms  great  numbers  of  branched  conidiophores ;  but  since  the  peri- 
thecial  form  is  at  present  unknown,  the  systematic  position  of  the 
genus  must  remain  at  present  undecided.  Boesleria  "kypogma  ho 
regards  as  saprophytic,  and  a  secondary  cause  only  of  the  disease. 

E.  rrillieux,t  on  the  other  hand,  while  agreeing  with  Hartig  that 
the  disease  is  not  caused  hYAgaricus  tnelleus,  looks  on  BoederiahypogcBa 
as  its  true  source.  The  coremium-like  spores  of  this  fungus  he  regaids 
as  ascosporcs,  formed  eight  in  each  ascus. 

OoBpores  of  the  Orape  Mould.^ — E.  Prillieux  states  that  he  has 
received  from  M.  Frochou  of  Nerac  germinating  oospores  of  Perono- 
$pora  viiicola.  The  germinating  oospores  produce  at  once  a  mycelial 
tube  similar  to  that  known  in  other  species  of  Penmospora  in  which 
the  germination  of  the  oospores  has  been  seen.  This  is  an  important 
step  in  our  knowledge  of  the  grape-mildew,  since,  inasmuch  as  the 
conidia  produce  zoospores,  it  had  been  supposed  by  some  that  the 
oospores  would  also  produce  zoospores,  as  is  the  case  in  the  related 
genus  Cystopus. 

Pleospora  gummipara.§  —The  fungus  named  by  Beyerinck  Cory- 
neum  gummtparum,  connected  with  the  flow  of  gum  from  woody  trees, 
has  now  beon  found  by  C.  A.  J.  A.  Oudemans  in  the  peritheciid  form, 
and  been  identified  as  belonging  to  the  genus  Pleoiparay  Sect.  Eu- 
pleospora.  As  it  cannot  be  identified  with  any  species  hitherto  known, 
Oudemans  calls  it  Pleospora  gummipara,  and  describes  the  perithecial, 
pycnidial,  and  conidial  forms. 

SchizomyceteB.  ij  — F.  Neelsen  gives  a  very  useful  epitome  of  the 
present  state  of  our  knowledge  respecting  the  life-history  and  classi- 
fication of  this  class  of  organisms,  referring  chiefly  to  the  labours  of 
Ehrenberg,  Gohn,  and  Zopf.  In  the  mode  of  investigation  adopted 
by  the  last-named  authority,  and  the  theory  of  the  pleomorphism  of 

♦  Hartig,  B.,  *  Der  Wurz€l])ilze  dea  Weinstockes,*  18  pp.,  Berlin,  1883.  Also 
UnttTB.  aua  d.  Forsthot.  Inst.  MUnchen,  iii.  (1883)  pp.  95-140;  and  SB. Bot.  Ver. 
Miinchen,  Jan.  10,  1883.     See  Bot.  Centralbl.,  xvi.  (1883)  p.  208. 

t  Pril lieux,  E.,  *  La  pourridie  de  la  vigne,  &c.,*  13  pp.  (1  pi.),  Pari;,  1882.  See 
Bot.  Centralbl.,  xvi.  (1883)  p.  208. 

X  Bull.  Soc.  Botan.  France.    Cf.  Science,  ii.  (18S3)  p.  831. 

§  Hedwigia,  xxii.  (1883)  pp.  161-2. 

11  Biol.  Centrulbl.,  iii.  (1883)  pp.  545-58. 
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the  different  organisms  comprised  in  the  class/  he  sees  the  promise 
of  a  fuller  and  more  accurate  knowledge  in  the  future  of  their  life* 
history. 

FsBcal  Bacteria-t — B.  Bienstock  has  made  a  detailed  ezaminatioii 
of  the  bacteria  found  in  human  fsBces  under  a  great  variety  of  circum- 
stances. Those  obtained  from  healthy  men  he  found  to  belong  exclu- 
sively to  the  group  Bacillus,  their  spores  having  alone  a  sufficient 
power  of  resistance  to  the  antiseptic  action  of  the  gastric  fluid.  Of 
this  group  five  distinct  forms  were  observed : — 1  and  2.  Two  large 
forms,  resembling  B.  suhtilis  in  form  and  appearance,  but  differing  in 
the  mode  of  germination  of  the  spores,  and  in  not  having  the  power 
of  spontaneous  motion.  Although  always  present  in  the  feeces,  the 
author  was  unable  to  determine  that  these  bacilli  take  any  part  in  the 
fermentative  processes  of  the  intestinal  canal ;  and  they  appeared  to 
have  no  pathogenous  properties.  8.  A  third  form  was  characterized 
by  its  very  slow  growth  and  minute  size ;  it  acted  pathogenetically 
on  mice.  4  and  5.  These  two  forms,  invariably  present  in  human 
fffices  beyond  the  age  of  suckling,  are  of  the  greatest  importance  in 
the  processes  carried  on  in  the  digestive  canal  beyond  the  stomach. 
They  were  of  different  chemical  properties,  one  bringing  about  decom- 
position of  albumen,  the  other  of  carbohydrates ;  the  second  only 
was  present  in  the  fsBces  of  infSEoits  fed  only  on  milk.  These  forms 
alone  have  the  power  of  decomposing  albumen  or  carbohydrates ;  the 
one  producing  the  well-known  products  of  the  decomposition  of 
albuminoids,  the  other  splitting  up  sugar  into  alcohol  and  lactic  add. 
The  first  produced  no  decomposing  effect  on  saccharine  solutions; 
the  second  none  on  solutions  of  albuminoids ;  though  both  multiplied 
freely.  The  other  feecal  bacilli,  and  those  obtained  from  the  air,  were 
also  without  the  least  effect.  After  cultivation  for  from  twenty  to 
forty  generations  these  two  forms  still  retained  their  power. 

The  author  derives  from  these  experiments  the  conclusion  that 
the  decomposition  of  albuminoids  and  carbohydrates  in  the  intestinal 
canal  is  due  in  each  case  to  one  specific  bacterial  form,  which  brings 
about  the  decomposition  without  Uie  assistance  of  any  others. 

Influence  of  Oxygen  at  high  pressure  on  Bacillus  anthracis.  t — 
J.  Wosnessenski  comes  to  the  conclusion  that  Bert  was  right  in 
regarding  oxygen  at  very  high  pressures  as  being  mortal  to  the  proto- 
plasm of  Bacillus  anthracis;  but  it  is  not  to  be  supposed  uat  a 
gradual  augmentation  in  the  pressure  of  the  oxygen  will  gradually 
lead  to  the  loss  of  vitality ;  till  the  pressure  exceeds  that  of  fifteen 
atmospheres  of  air  the  organism  resists  it  better  than  it  does  oxygen 
at  a  normal  pressure.  The  results  obtained  with  increasing  pressure 
vary  considerably,  according  as  the  experiments  are  conducted  with 
thick  or  thin  layers ;  with  the  latter  the  influence  of  pressure  is  not 
marked ;  so  that  with  them  the  result  is  the  same  as  in  Ghaveau's 
experiments  on  Bacilli  at  a  normal  pressure,  if  a  suitable  temperature 

*  See  thlB  Journal,  ill.  (1883)  p.  688. 

t  Fortaobritte  der  MediciD,  i.  (1888)  p.  609.    See  Bot  CJentialbL,  xvL  (1888) 
p.  305. 

X  Comptes  BenduB,  xcviii.  (1884)  pp.  31i-7. 
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is  retamed — say  85^-88° ;  for  then  the  yirnlenoe  of  the  poison  is  moie 
pronounced  than  when  the  coltivation  is  undertaken  with  a  thick 
layer.  If,  on  the  other  hand,  a  high  temperature,  42°-46%  is  brought 
to  bear  on  thin  layers  subjected  to  great  pressure,  the  bacilli  in 
them  become  almost  inoffensiye.  The  author  applies  the  epithet  of 
eugSfUnque  to  the  lower  and  of  dysghUtiqae  to  the  higjier  tempera- 
tures just  mentioned. 

Bacteria  in  the  Human  Amnion.* — Trinchese  describes  in  a 
brief  note  Bacteria  discoTered  on  the  internal  surface  of  the  amnion 
of  a  foetus  extruded  after  the  third  month  of  gestation.  The  perfect 
freshness  of  the  membrane  made  it  impossible  to  explain  the  presence 
of  these  germs  as  being  due  to  incipient  putrefaction ;  and,  on  the 
other  hand,  it  was  equally  certain  that  the  mother  was  not  sufiforing 
from  any  infectious  disease.  The  epithelial  cells  of  the  amnion  were 
quite  unaltered,  except  that  the  nucleus  contained  a  large  cavity  filled 
with  liquid,  in  which  were  a  great  number  of  Bacteria ;  the  nuclear 
substance  itself  was  pressed  to  one  side,  and  had  assumed  a  crescent- 
like  form.     In  all  other  respects  the  tissues  were  quite  normal. 

A  fuller  account  of  this  interesting  phenomenon  is  iax>mised 
shortly,  and  the  present  note  is  published  to  stimulate  inquiries  into 
the  causes  of  abortion ;  it  is  possible  that  the  presence  of  microphytes 
may  have  a  great  deal  to  do  with  it 

Bacillus  of  **  Bouget.**!  —  Pasteur  and  Thuillier  show  that  the 
bacillus  of  *'  rouget,"  as  found  in  pigs,  can  be  attenuated  by  passing  it 
through  rabbits.  The  inoculated  rabbits  are  all  rendered  very  ill  or  die^ 
but  pigs  inoculated  with  the  bacillus  after  the  virus  has  been  passed 
through  a  series  of  rabbits  have  *'  rouget "  in  a  mild  form,  and  enjoy 
immunity  from  further  attacks.  A  series  of  inoculations  carried 
through  pigeons,  on  the  other  hand,  increases  the  virulence  of  the 
disease  when  a  pig  is  inoculated  from  the  last  of  the  pigeons. 

Living  Bacilli  in  the  Cells  of  yallisneria.:^ — T.  8.  Balph  records 
the  presence  of  these  organisms,  and  states  that  there  is  a  little 
difficulty  attending  the  demonstration,  but  that  if  the  following 
directions  are  carried  out  with  other  water-plants,  he  believes  they 
will  be  seen  in  those  cases  also.  § 

A  thin  section  of  the  cuticle  of  the  leaf  of  Vallianeria  should  be 
sliced  off,  and  placed  on  a  slide,  with  the  cuticular  surface  next  the 
cover,  and  then  the  slide  should  be  placed  on  a  rest,  with  the  cover 
downwards  or  towards  the  table,  and  remain  there  for  five  minutes  at 
least,  in  order  to  allow  the  organisms  to  fall  on  to  the  cuticular  walls 
of  the  cells,  and  then  examined  under  a  1/4  in.  objective.  They  must 
be  looked  for  in  the  quadrate  cells,  and  will  be  seen  moving  about 
the  chlorophyll-grains,  even  when  cyclosis  may  be  going  on;  and 
after  the  lapse  of  some  minutes  they  will  gravitate  out  of  sight, 

♦  Atti  R.  Accad.  Lincei,  vii.  (1883)  p.  237. 
t  Gomptes  Rendus,  xcvii.  (1883)  pp.  1163-9. 
X  Joum.  of  Microscopy,  iii.  (1884)  pp.  17-8. 

§  He  has  since  found  them  in  Anacharis,    See  Proc.  Roy.  Soc.  Yiotoria, 
10th  May,  1883. 
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or  be  found  heaped  together  at  the  lower  end  of  the  cell  (or  apparent 
upper  end).  It  is  tibia  circumstance  which  has  prevented  any 
recognition  of  their  presence  in  the  plant.  They  are  rarely,  if  ever, 
seen  in  the  long,  deep-seated  cells,  which  exhibit  cyolosis  so  well  in 
this  plant. 

Simulation  of  the  Tubercular  Bacillus  by  Crystalline  Fonns.* — 
The  memoirs  of  A.  Oelli  and  G.  Guamieri  give  the  results  of  a 
large  number  of  observations  on  the  bacillus  described  by  Eoch  in 
the  nodules  of  tuberculosis,  and  in  the  sputa  of  consumptive  patients, 
and  further  call  attention  to  certain  crystals  found  not  uncommonly 
in  these  sputa,  which,  both  by  their  appearance  and  by  their  behaviour 
towards  anilin  colours,  imitate  the  tubercular  bacilli.  The  microscopic 
differences  between  the  two  classes  of  objects  are  minutely  described. 

Cultivation  of  Bacteria.t — ^Dr.  E.  Klein  has  been  able  to  avoid 
the  drying-up  which  mars  Koch's  method  of  growing  bacteria  on  a 
gelatine  fluid  film  in  a  moist  chamber,  by  using  instead  of  the  latter 
a  cell  closed  with  a  cover-glass,  to  which  was  sometimes  attached  a 
thin  glass  tube,  leading  into  it,  and  plugged  with  cotton  wool.  The 
cultivating  fluid  used  is  composed  of  one  part  of  so-called  '*  gold- 
label  gelatine  "  cut  into  strips  and  soaked  for  a  night  in  cold-water, 
and  then  dissolved,  just  neutralized  with  carbonate  of  soda,  and 
filtered  while  hot,  and  three  parts  of  pork  broth ;  all  the  materials 
are  prepared  with  a  view  to  their  perfect  sterility  by  heat  and 
insulation  of  the  air  involved  by  cotton-wooL  To  the  lower  side  of 
the  cover-glass  of  the  cell  is  applied  a  drop  of  cultivating  fluid,  which 
is  then  allowed  to  solidify ;  after  this  it  may  be  inoculated  with  the 
particular  bacterium  required  by  dipping  a  needle  which  has  been 
heated,  or  a  capillary  tube  which  has  been  freshly  drawn  out,  into  the 
fluid  containing  the  organism,  and  then  drawing  its  point  once  or 
twice  over  the  charged  surface  of  the  cover-glass.  The  progress  of 
growth  may  be  watched  with  the  Microscope  through  the  cover-glass ; 
Uius  also  the  species  of  the  organism  thus  introduced  can  be  verified, 
and  accidental  contamination  detected. 

Seduction  of  Nitrates  by  Ferments.}— According  to  A.  Springer, 
the  roots  of  plants  are  covered  with  small  organisms  which  reduce 
nitrates,  with  evolution  of  nitric  oxide.  This  ferment  closely  resembles 
the  butyric  ferment,  and  is  probably  identical  with  the  Micrazyma 
cretce  of  Bechamp.  It  is  composed  of  small  cylindrical  rods  rounded 
at  the  extremities,  generally  isolated,  but  sometimes  joined  two  by 
two.  They  move  rapidly  with  a  wriggling  motion,  and  often  bend 
their  bodies  until  they  form  a  perfect  circle.  Another  ferment,  or 
modification,  is  somewhat  smaller,  and  spins  round  its  smaller  diameter 
as  an  axis.  Phenol  has  no  appreciable  action  on  the  new  ferment 
Similar  results  have  been  obtained  since  the  author  first  announced 
his  results,  by  Gayon  and  Dupetit,  and  D^h^in  and  Maquenne. 

♦  Atti  R.  Aocad.  Linoei— Tranflunti,  vu.  (1883)  p.  282. 
t  11th  Ann.  Heport  Local  Government  Board,  1882,  pp.  177-^. 
X  Amer.  Chcm.  Jonrn.,  iv.  (1888)  pp.  452-3.    See  Joom.  Chem.  Boo. — Abstr., 
xlvi.  (1884)  pp.  350-1. 
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Rabenhonfs  Cryptog^amio  Flora  of  Oermany  (AlgSB).* — "PmeiB 
6  and  7  of  Dr.  Hauck's  '  Marine  Algas/  in  Babenbont's  *  Crypto- 
gamic  Flora  of  Germany,  Aostria,  and  Switzerland/  oomplete  the 
acoonut  of  the  Floridc»  with  the  CorallinaoeaB,  and  oommenoe  the 
Ph89ophjccfe,  which  ho  diyides  into  three  orders,  the  Fnooidee, 
Dictjotacefe,  and  Ph8E)ozo<>8i)oro8B.  The  small  number  of  species 
comprised  iu  the  first  two  orders  are  described,  and  the  PlueozooBporen 
commenced.  The  families  included  are  the  EctocarpaoeaB  (including 
Sphacelaria),  MesogloBaoea),  Pnnctariaces,  Arthrocladiaoen  (the  single 
genus  Arthrocladia),  and  a  commencement  of  the  Sporochnaoee. 

Distribution  of  Seaweeds.t — A.  Piccone  gives  a  number  of 
details  with  respect  to  the  mode  of  life  and  distribution  of  marine 
algsB.  As  a  rule,  they  are  entirely  confined  to  the  coasts ;  although 
shells  of  diatoms  aro  found  abundantly  at  great  depths,  it  is  doubtful 
whether  they  have  lived  there,  or  whether  ti^e  shells  have  been  carried 
by  currents.  The  gulf-weed  the  author  thinks  does  really  vegetate 
in  the  depths  of  the  "  sargasso-sea." 

The  physical  nature  of  the  sea-bottom,  whether  stony,  sandy,  or 
muddy,  exercises  considerable  influence  on  the  distribution  of  sea- 
weeds, as  also  on  their  external  form,  and  especially  on  their  mode  of 
attachment.  Of  this  the  author  distinguishes  three  kinds : — attach- 
ment-disks, which  occur  only  where  the  bottom  is  rocky  or  stony ;  a 
tow-like  decomposed  base  and  root-fibres ;  and  a  pseudo-parasitism 
on  other  algas.  Seeing  that  algsQ  derive  no  nourishment  from  their 
substratum,  its  chemical  nature  is  indifferent. 

As  regards  the  purity  of  the  water,  a  medium  quality  appears  to 
be  most  favourable  to  the  growth  of  seaweeds.  A  considerable 
influence  is  exerted  by  the  varying  density  at  different  depths  ;  and, 
as  with  land-plants,  each  species  has  its  optimum  temperature.  The 
presence  of  light  is  indispensable  to  their  growth;  but  it  entirely 
ceases  only  with  the  absence  of  the  chemical  rays.  Direct  sunlight  is 
more  favourable  to  the  growth  of  green,  shade  to  that  of  red  or  brown 
algaB.  Light  has  also  an  influence  on  the  production  and  movement 
of  zoospores,  and  on  the  heliophobic  tendency  shown  by  many 
fertilized  ova. 

Only  those  algaB  which  grow  in  shallow  localities  follow  the 
movements  of  waves,  and  various  species  establish  themselves  in 
protected  spots  or  those  exposed  to  the  surf,  or  according  to  the 
nature  of  the  bottom.  A  great  flow  and  ebb  of  tide  is  unfavourable 
for  marine  vegetation.  The  influence  of  marine  currents  is  very 
great  on  the  distribution  of  species. 

The  dissemination  of  spores  is  brought  about  chiefly  by  marine 
currents ;  but  the  author  believes  that  their  unequal  specific  gravity 
is  not  without  importance  in  this  respect  It  is  probable  that  they 
are  also  transported  by  fish,  attached  externally,  or  even  after  having 
been  swallowed. 

*  Rabenhorfit,  L.,  '  Kryptogamen-Flora  von  Deutschland,  Oesterreich  u.  d. 
Sohwuiz.    2^  Baud,  Die  Meeresalgen  von  F.  Hanok,  Lief.  6-7.' 

t  ChroD.  Lio.  Christ.  Colombo,  1883.    See  Bot.  Centralbl.,  xvi.  (1888)  p.  289. 
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On  the  retention  of  the  power  of  germination  by  the  spores  of 
alg83  very  little  is  known ;  but  it  is  probable  that  they  differ  greatly 
in  this  respect. 

The  colour  of  seaweeds  is  probably  of  considerable  physiological 
importance.  It  is  possible  it  may  act  like  the  colonr  of  flowers,  as  an 
attraction  to  those  marine  animals  which  assist  in  fertilization,  and 
also  as  a  protection  against  those  which  are  injurious.  The  same 
purpose  may  also  be  served  by  the  different  taste  and  smell  of  different 
species. 

CystoBeirsB  of  the  Oolf  of  Naples.* — E.  Yaliante  publishes  a 
monograph  of  this  genus.  His  investigations  relate  to  the  histology 
of  the  alga  and  the  classification  of  the  species.  The  points  specially 
described  are :  The  germination  of  the  spores  and  formation  of  the 
embryo ;  the  development  of  the  vegetative  organs  of  the  embryo ;  the 
rhizoid  processes,  and  radical  disk ;  and  the  sexual  organs  of  reproduc- 
tion. In  the  systematic  part  eleven  species  are  described,  one  of  them 
new. 

PolyBiphonia.! — L.  Eolderup-Bosenwinge  has  investigated  the 
structure  of  this  genus  of  seaweeds,  e8|)ecially  the  species  fastigicUa^ 
nigrescens,  and  violacea.  He  confirms  the  statement  of  Schmitz  that 
cell-division  does  not  take  place  either  by  a  transverse  septum  or  by 
a  longitudinal  septum  which  includes  the  longer  axis.  The  divisions 
of  the  common  basal  cell  of  **  branch  "  and  *'  leaf"  in  P.  violacea  were 
especially  followed  out  and  described.  A  peculiarity  of  the  cell- 
division  in  Polysiphonia  and  in  some  other  Floridead  is  that  the  two 
daughter-cells  are  of  imequal  size.  It  usually  gives  the  impression 
as  if  a  smaller  cell  were  cut  off  from  a  larger  one,  which  remains 
more  or  less  entirely  unchanged.  The  spiral  arrangement  of  the 
**  leaves "  is  indicated  already  in  the  divisions  of  the  apical  cell. 
The  formation  of  the  '*  branches  "  takes  place  in  different  ways  in  the 
different  species,  pseudo-dichotomous,  monopodial,  or  axillary. 

The  antheridia  and  cystocarps  are  the  result  of  metamorphosis  of 
the  ''  leaves."  The  following  is  the  mode  of  formation  of  tiie  tetra- 
spores  in  P.  fastigiata,  A  large  cell  is  first  of  all  separated  from 
one  side  of  the  parent-cell.  This  divides  into  three  cells  by  two 
oblique,  vertical,  but  not  radial  walls ;  two  of  them  on  the  outer  side, 
which  behave  like  pericentral  cells,  a  larger  one  on  the  inner  side, 
which  is  again  divided  by  a  horizontal  wall  into  two  cells,  the  npper 
of  which  is  the  mother-cell  of  the  tetraspores. 

Pithophora4 — F.  Wolle  records  the  interesting  fact  of  the  dis- 
covery in  several  localities  in  New  Jersey,  U.S.A.,  of  this  sing^ular 
alga,  hitherto  known  only  in  the  tanks  in  the  hot-houses  at  Eew,  and 
made,  by  its  discoverer  Dr.  Wittrock,  the  type  of  a  new  order  allied 
to  Confervace». 

*  Fauna  u.  Flora  des  Golfes  v.  Neapel.  viL  Monographie,  1888.  Die 
Oystoeeiren,  SO  pp.  (15  pis.). 

t  Bot  Gesell.  Btookholm,  Sept.  16,  1883.  See  Bot.  GentralbL,  zvL  (1883) 
pp.  222-4. 

I  Boll.  Torrey  Boi  Club,  x.  (1883)  p.  13. 
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Kefting-tporei  of  Alg».* — N.  Wille  deacribes  tiie  mode  of 
fonnation  of  the  nonHBOxiial  reprodnotiye  oells,  oommonly  known  m 
rosting-sporea,  in  a  number  of  filamentous  algfa,  as  JVenUpokUa 
(Oongrotira)  de  Baryana,  Conferva  packyderma^  0.  9kignorwm^  (7. 
nittrockiij .  C.  homhycina,  Ulothrix  Pringsheimi,  &o.  All  theae  eaaoa 
agree  in  the  reprodnctiye  celia  thns  formed  being  immoiile^  not 
produced  by  any  sexual  prooees,  and  not  resulting  from  Bwarm-ceUs 
that  have  come  to  rest  They  may,  howoTer,  be  divided  into  two 
classes,  those  produced  without  any  special  cell-formation,  as  in  the 
cases  of  Ulothrix^  Conferva  pachyderma^  and  TrenUpokUa^  or  after  special 
cell-formation,  as  in  Conferva  etagnorum,  C  WtUroMi^  0,  hombydnOj 
and  Ptthophora.  The  former  kind  the  author  proposes  to  call 
Akineies,  the  latter  Aplanoepores.  Both  kinds  yary  in  this  respect,  that 
they  may  germinate  immediately  after  their  formation,  or  only  after  a 
period  of  rest.  In  the  former  case  they  perform  the  function  of 
zoospores,  i.  e.  increasing  the  number  of  incQvidnals ;  in  the  latter  case 
they  act  like  zygotes. 

In  Conferva,  Ulothrix,  and  (Edogonium,  the  mode  of  formation  of 
the  resting-cells  resembles  that  in  the  Conjugatie.  The  membranes 
of  the  filament  become  thicker,  and  incrusted  with  iron  and  lime ;  as 
soon  as  the  separate  cells  again  begin  to  grow,  the  outer  dead  layer 
bursts,  and  the  form  arises  described  earlier  as  a  distinct  genus  under 
the  name  Psichohormium,  In  Conferva  pachyderma,  the  akinetee  are 
formed  by  a  stronger  deposition  of  cellulose  in  the  inner  oell^wall 
layer,  while  the  outer  ones  become  mucilaginous,  and  the  separate 
cells  are  thus  sot  free.  The  step  to  the  formation  of  aplanospores  in 
C.  stagnorum  and  Wiltrockii  is  a  very  short  one.  In  Cladopkora 
fracta  single  cells  at  the  ends  of  filaments  often  swell  up  in  the 
autumn,  and  become  thicker  walled  and  fuller  of  protoplasm.  These 
hibernate,  filaments  with  thin-walled  cells  springing  from  them  in  the 
spring.  A  similar  process  takes  place  in  Conferva  howhydna  and  in 
Pithophora,  In  TrentepohUa  de  Baryana  two  kinds  of  akinetes  are 
formed. 

No  exact  boundary  lino  can  always  be  drawn  between  akinetes 
and  ordinary  vegetative  cells ;  aplanospores  differ  more  widely  from 
the  latter,  but  pass  insensibly  into  the  former.  The  author^s  view 
is  that  these  structures  are  formed  whenever  the  conditions  are  un- 
favourable for  the  formation  of  zoospores  or  for  a  sexual  mode  of 
reproduction.  Where  they  are  abundantly  produced,  it  is  usual  for 
the  formation  of  zoospores  to  be  rare.  This  is  the  case  in  Conferva 
stagnorum  and  Cladopkora  fracta,  while  in  Conferva  pachyderma^ 
Wittrockii,  and  hombycina,  Ulothrix  Pringsheimii,  and  Pithophora  they 
are  at  present  unknown  ;  in  most  species  of  Cladophora  they  are  abun- 
dant. In  TrerUepohlia  uvnhrina,  quantities  of  swarm-cells  are  formed, 
but  they  rarely  either  conjugate  or  germinate  \  in  T,  de  Baryana  they 
are  also  formed,  but  soon  perish,  reproduction  taking  place  by  means 
of  akinetes. 

The  author  regards  the  resting-cells  as  affording  good  characters 

^  Bot.  Gcsell.  Stockholm,  Bcpt.  26,  1883.    See  Bot.  GentralbL,  xvL  (1883) 
pp.  215-9. 
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for  the  determination  of  species,  and  even  in  some  cases  of  genera, 
but  not  of  the  larger  groups,  since  their  formation  probably  depends 
on  external  conditions. 

Hybridism  in  the  CoigugatsB.* — C.  E.  Bessey  describes  an 
interesting  case  of  hybridism  between  two  species  of  Spirogyra, 
8,  majusctda  and  protecta,  A  perfect  zygospore  was  found,  resembling 
most  nearly  those  of  the  latter  species. 

New  Genera  of  ChroococcacesD  and  PalmellacesD.t — In  an  account 
of  the  algsB  of  Sweden,  G.  Lagerheim  describes  as  many  as  sixty 
species  new  to  that  country ;  and  gives  also  the  following  diagnosis 
of  new  genera  : — 

OleochcBte  (Chroococcacesd).  CellulsB  globossd  yel  suboTales,  hinm 
vel  quatemsB  in  muco  communi  homogeneo  vel  indistinctissime 
lamelloso  inclusae,  utraque  seto  longissimo  instructa.  Cytioplasma 
8Brugineo-C8Brulea,  subgranulosa.  Divisio  cellularum  in  duas  direo- 
tiones.  One  species,  O.  Wittrockianaf  possibly  identical  with  ChceUH 
coccus  hyalinua  Etitz. 

Acanihococcus  (Palmellaceie).  GellulsB  adultas  globossB  vel  sub- 
globosdd,  aculeis  pra&ditsD.  Divisio  succedanea,  multitudo  cellularum 
filialium  globosarum,  non  aculeataram,  in  cellula  matricali  provenit, 
qu8B,  membrana  cellulsB  matricalis  in  mucum  conversa,  libera  fiunt. 
GellulaB  perdurantes  oleossB.  Two  species,  one  of  them  the  PcdmeUa 
hirta  and  Pleurococcus  vestitus  of  Reinsch. 

Dactylothece  (Palmellacefe).  Cellulae  cylindricsB  vel  oblongte, 
rectaB  vel  leviter  curvatsB,  utroque  fine  rotundataB,  singulsB-quatemaB  in 
familiis  consociatsB,  tegumentis  vesiculiformibus  inclusaa.  Familisd 
numerossB  hoc  modo  formated  stratum  viride  uliginosum  formant. 
Divisio  cellularum  in  unam  directionem  fit.  Cytioplasma  viridis. 
ZoosporsB  ignotsB.  Analogous  to  OloBothece  among  Chroococcacead. 
One  species,  2>.  Braunii,  in  greenhouses. 

Also  the  subgenus  Holcpedium :— Merismopedium  familiis  forma 
irregulari  e  cellulis  irregulariter  dispositis  compositis.  Divisio 
cellularum  irregularis.  Includes  the  three  species  of  Merismopedium^ 
irregulare,  sabuHcolum^  and  geminatum. 

Chroolepns  umbrinum.^ — J.  B.  Schnetzler  finds  this  alga,  associ- 
ated with  a  number  of  others,  on  the  bark  of  the  vine,  forming 
moniliform  threads  of  globular  cells  about  80  /a  in  diameter.  It  also 
occurs  in  similar  localities  imbedded  in  the  thallus  of  a  lichen 
belonging  to  the  genus  Pyrenula.  In  this  condition  it  forms  fila- 
ments composed  of  much  smaller  cells.  When  the  lichen-thalluB 
decays,  these  cells  escape,  and,  on  multiplying,  assume  again  the 
normal  size  of  those  of  the  free  form. 

Constant  Production  of  Oxygen  by  the  Action  of  Sunlight  on 
Protococcus  pluYiali8.§ — In  the  smnmer,  Zygnema  and  Conferva  may 

*  Amer.  Natural.,  xviii.  (1884)  pp.  67-8. 

t  Oefvers.  af  Svenska  Yetensk.  Akad.  Forhandl.,  1883,  pp.  87-78  (1  pi.). 

X  Bull.  Soc.  Vaud.  Sci.  Nat,  xix.  (1883)  pp.  58-4. 

§  Chem.  News,  xlviu.  (1883)  pp.  205-6. 
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freqaontly  be  seen  borne  to  the  snrfiftoe  of  pools  of  atagnmnt  wmter  hj 
innumerable  minute  bubbles  of  oxygen  gas.  Some  of  the  simplest  ctf 
the  unicellular  algie,  e.  g.  Protococcns  plumalU  and  P.  paUutn§^  exhibit 
this  peculiarity  to  a  remarkable  degree.  T.  L.  Phipson  has  cidtiTated 
some  of  the  last-mentioned  plants  by  exposing  pump-water  to  air  and 
light  for  some  weeks,  and  as  soon  as  good  growikh  was  obtained,  small 
dead  branches  of  poplar  were  put  in  the  water;  the  Proioeoeau 
developed  rapidly  upon  them.  The  branches  can  then  be  put  in 
flasks  full  of  water,  and  the  production  of  oxygen  observed ;  this  takes 
place  immediately  the  flasks  are  exposed  to  the  sun's  rays ;  the  oxygen 
comes  off  in  the  minutest  bubbles,  but  in  such  great  numbers  as  to 
form  a  froth  on  the  surface ;  in  some  higher  plants,  e.  g.  Aekittea 
Millefolium,  the  gas  collects  ai  the  end  of  the  leaves,  and  comes  to  the 
surface  in  large  bubbles.  If  the  flask  is  inverted  the  evolution  of  gas 
continues  for  about  three  days ;  the  introduction  of  a  minute  quantity 
of  caustic  soda  stops  it  on  the  first  day  by  depriving  the  plant  of 
carbonic  anhydride.  On  renewing  the  water  after  three  days,  the 
evolution  recommences,  and  so  by  keeping  up  a  constant  supply  of 
pump-water  and  the  production  of  oxygen,  may  be  kept  up  to  all 
appearance  indefinitely. 

The  author  has  devised  a  simple  apparatus  for  this  purpose. 
A  wide-mouthed  bottle  with  tubulure  near  the  bottom,  is  fitted  with  a 
gas  delivery  tube,  and  a  tube  with  tap  connected  with  a  water-snpply ; 

^'  the  water  must  neither  be  boiled  nor  distilled,  nor  must  it  be  in  ^e 

slightest  degree  alkaline.  A  tap  is  put  in  the  tubulure  and  is  used 
to  empty  the  bottle.  Some  of  the  poplar  branches  are  placed  in 
the  botdo,  water  is  run  in,  and  the  bottle  exposed  to  sunlight ;  the 
oxygen  can  be  collected  in  a  gas-holder.  After  three  days  the  old 
water  is  run  out  of  the  bottle  and  fresh  water  run  in.  The  author 
suggests  that  by  employing  graduated  vessels,  &o.,  the  apparatus  might 
be  used  as  an  actinometer.  The  gas  produced  contains  about  98  per 
cent,  oxygen.  The  author  remarks  incidentally  that  carbonic  anhydride 
in  presence  of  sunlight  is  not  decomposed  by  plants,  but  simply 
absorbed,  water  and  hydrogen  dioxide  bBing  equally  essential  for  the 
production  of  oxygen,  and  the  gas  being  evolved  from  the  tissae  as  a 

:[i\  consequence  of  the  absorption. 

Chromatophores  of  Marine  Diatoms.*— O.  Muller  describes  the 
peculiar  form  and  structure  of  the  chromatophores  in  some  marine 
diatoms,  hardened  and  coloured  according  to  Pfitzer*s  nigrosin-picric- 
acid  method. 

In  Pleurosigma  angtdcUum  the  chromatophores  consist  of  two 
very  long  bands,  twice  the  length  of  the  longitudinal  diameter  of  the 
cell  or  more,  comparatively  narrow,  much  lobed  and  indented,  but 
never  perforated.  They  are  arranged  symmetrically  on  each  side  of 
the  cell.  For  their  whole  length  tiieir  surface  is  applied  to  the  cell- 
wall,  and  separated  from  it  by  only  a  thin  layer  of  protoplasm.  A 
middle  portion  of  each  band,  about  one-third  of  its  entire  length,  mna 
undivided  to  the  inner  surface  of  the  upper  shell — i.  e.  the  sh^  which 

*  Bor.  Doutsch.  Dot.  Gesell.,  i.  (1883)  pp.  478-84. 
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oontains  the  central  portion  of  the  chromatophore.  Two  piecos, 
together  about  equal  in  length  to  each  of  the  middle  pieces,  lie 
separately  on  the  lower  shell,  while  the  ends  which  enter  the  apices 
of  the  cell  turn  to  the  girdle-bands  of  the  cell-wall,  where  also  the 
pieces  which  start  from  the  upper  and  under  shells  unite.  The 
function  of  the  chromatophore  is  therefore  distributed  nearly  equally 
to  both  sides  of  the  protoplasmic  body  of  the  cell.  The  median  line 
of  the  chromatophore  coincides,  as  in  Navicula,  with  that  of  the 
girdle-bands;  but  the  portions  which  project  upon  the  adjoining 
cells  are  not  arranged  symmetrically  in  relation  to  the  plane  of 
division.  The  middle  piece  of  each  chromatophore,  which  lies  on 
the  upper  shell,  on  both  sides  of  the  raphe,  incloses,  in  the  typical 
arrangement,  the  central  cell-nucleus  with  a  semicircular  opening 
inwards. 

Pleurosigma  hcdticum  also  contains  two  chromatophores  whose 
median  line  coincides  with  that  of  the  girdle-bands,  and  which  project 
on  the  shells  on  both  sides ;  but  they  are  not  band-shaped  and  folded^ 
as  in  Pleurosigma  angulatum,  but  plates  of  a  somewhat  complicated 
structure.  Pleurosigma  Hippocampus  has  chromatophores  of  a  similar 
form,  but  narrower. 

Nitzsehia  Sigma  has  only  a  single  chromatophore,  which  is,  how- 
ever, completely  divided  by  the  cell-nucleus;  not  so  completely  in 
other  species  belonging  to  the  same  group  of  the  genus.  It  is  plate- 
shaped,  and  is  applied  to  that  girdle-band  which  is  opposite  the  two 
points  of  the  keel.  On  its  median  line,  in  each  of  the  two  halves,  lie 
five  or  more  round  or  oval  pyrenoids,  bodies  which  are  not  unfre- 
quently  present  in  diatoms.  They  appear  here  not  to  be  of  such 
simple  structure  as  in  other  cases.  They  are  coloured  more  or  less 
dark  by  nigrosin,  and  are  surrounded  by  a  light  border,  which,  with 
very  high  powers,  exhibits  a  differentiation  into  small  bright  dots,  the 
structure  being  therefore  similar  to  that  in  the  Chlorophyceso. 

Division  of  Synedra  Ulna.*— G.  Schaarschmidt  has  found  this 
diatom  in  an  active  state  of  division ;  he  fixed  the  specimens  with 
picric  acid  or  absolute  alcohol,  coloured  them  with  hsBmatoxylin  or 
eosin,  compared  them  with  living  specimens,  and  gives  the  following 
as  the  chief  results  obtained.  When  division  commences  the  breadth 
increases  by  the  girdle-bands  becoming  separated  to  a  greater  distance ; 
but  the  lamellsB  of  endochrome  retain  their  position,  and  their  margins 
scarcely  project  in  this  condition  over  the  girdle-bands;  while,  in 
individuids  that  are  not  dividing  or  only  preparing  to  divide,  tiiey 
reach  the  end  of  the  cells ;  but  in  those  which  have  just  divided  or  are 
dividing  repeatedly,  they  are  about  1/6  of  the  length  of  the  cell 
shorter  than  the  shell.  The  strongly  refractive  colourless  nucleus  is 
in  the  central  mass  of  protoplasm  which  often  lies  only  on  one  shell ; 
no  nucleoli  can  be  detected  in  it.  In  cells  which  are  about  to  divide 
it  moves  into  the  middle  of  the  cell  ;  its  enveloping  protoplasm, 
through  which  small  mucilaginous  particles  are  scattered,  then 
lengthens  towards  the  ends  of  the  cell,  where  the  protoplasm  then 

*  Magy.  Nov.  Lapok,  vii.  (1883)  pp.  4d-58  (1  pi.).    See  Bot  GentzalbL,  xvi. 
(1883)  pp.  198-9. 
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takes  the  form  of  an  axile  band  uniting  the  ends  of  the  oeU,  and  con- 
coaling  the  nnclens  in  its  swollen  oentiml  part,  which  no  longer  touches 
tho  shells ;  tho  nudons  is  now  held  ]by  delicate  threads  of  protoplaam 
which  spring  from  the  plates  of  endoohrome. 

WhUo  tho  axile  band  is  developing  thns,  the  plates  of  eodochzome 
broaden  to  such  an  extent  that  they  almost  cover  the  entire  sides  of 
tho  girdle-bands.  At  this  period,  or  even  earlier,  the  plates,  which 
were  at  first  constricted,  are  now  bisected. 

At  this  stage  of  development  the  division  of  the  nneleos  com- 
mences. The  species  under  examination  exhibits  this  peculiarity,  that 
tho  division  of  the  nucleus,  which  now  becomes  of  a  broadly  elliptical 
form,  and  breaks  up  immediately  into  two  daughter-cells,  proceeds  in  a 
direction  parallel  to  the  new  shells.  Only  in  a  few  cases  are  there 
spindle-fibres  stretched  between  the  two  daughter-nuclei ;  these  fibres 
are  knotted  in  the  middle,  which  may  be  regarded  as  a  tendency 
towards  the  formation  of  nuclear  plates.  The  daughter-nuclei  may 
divide  again,  so  that  in  the  middle  of  the  axile  band  there  are  formed 
at  length  from  four  to  seven  nuclei. 

When  the  division  of  the  nuclei  is  complete,  the  substance  of  the 
axile  band  becomes  firmer,  commencing  at  the  ends,  and  dark  dots  are 
seen  in  it  arranged  in  longitudinal  rows,  and  later,  short  transverse  stria 
corresponding  to  them,  which,  however,  become  gradually  indistinguish- 
able towards  the  centre  of  the  band  where  the  nuclei  lie.  The  daughter- 
nuclei,  which  hitherto  lay  one  over  the  other,  now  approach  one 
another  in  a  horizontal  direction  (in  the  transverse  diameter  of  the 
cell),  and  are  separated  only  by  the  axile  band,  which  is  continually 
becoming  denser,  and  which  now  divides  the  cell  into  two  halves  as  an 
extremely  delicate  and  flexible  septum.  The  new  septum  becomes 
further  dififerentiated,  splits,  and  from  it  are  formed  the  new  shells 
of  the  daughter-cells.  This  process  goes  on  very  rapidly,  and  the 
transitional  steps  can  be  readily  followed  from  the  simply  punctated 
or  striated  lamellsB  to  the  double  lamellsB.  Cells  with  spHt  septum 
are  more  often  met  with  than  with  simple  septum ;  but  still  more  often 
the  septum  shows  the  dots  only  at  the  ends.  These  dots  or  strice— 
since  the  septum  is  turned  with  its  narrower  side  towards  the  observer 
— probably  correspond  to  the  channels  of  the  new  shells. 

The  new  septum  now  acquires  firmness,  and  now  the  movement 
commences  of  the  lamellsB  of  endochrome ;  of  those  which  lay  upon 
the  old  shells,  those  which  were  opposed  diagonally,  with  their  ends 
pointing  towards  the  middle  of  the  cell,  creep  slowly  through  the  sides 
of  the  girdle-bands,  while  the  other  lamella  remains  upon  the  old 
shell,  pushing  itself  beneath  it.  Delicate  threads  of  protoplasm  are 
not  unfrequently  found  between  the  upper  ends  of  the  lameUas  and  the 
ends  of  the  cell.  The  lamellsB  attain  their  full  size  very  quickly  after 
their  transfer.  Frequently  they  break  up  into  two,  three,  or  more 
pieces,  which  become  transported  in  the  same  way  as  the  larger  ones. 

The  nuclei  may  break  up  in  the  same  way  by  repeated  constriction 
into  a  large  number  of  daughter-nuclei;  four  or  five  nuclei  are  not  un- 
frequently  found  in  each  daughter-cell.  The  cells  of  Synedra  Ulni  are 
therefore  multinucleated  during  and  after  division. 
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Arctic  Diatoms.* — P.  T.  Cleve  describes  the  diatoms  collected  by 
M.  Ejellman  daring  the  expedition  of  the  *  Vega '  from  the  following 
Bonrces: — Arctic  diatoms  from  the  ice  near  Cape  Wankarema  and 
near  East  Cape;  from  the  sarface  in  Behrin^s  Sea;  fresh-water 
diatoms  from  Japan ;  diatoms  from  algsB  collected  on  the  island  of 
Labuan,  near  Borneo;  from  algsB  and  coarse  bottom-mnd  collected 
near  Point  de  GkiUe,  Ceylon ;  and  from  bottom-mud  between  Aden 
and  Bab-el-Mandeb.  The  Arctic  material  contained  a  very  large 
nnmber  of  species,  which  varied  to  an  astonishing  extent,  so  that  in 
many  cases  it  was  scarcely  possible  to  trace  oat  the  limits  of  the 
species.  On  the  other  hand,  samples  from  the  bottom  of  the  North 
Siberian  Sea  were  qaite  free  from  diatoms.  The  descriptions,  &c., 
are  in  English,  and  several  new  species  are  described. 

A  few  new  species  are  also  described  by  the  same  authority,t 
collected  daring  tiie  Arctic  expedition  of  Sir  George  Nares. 

Pelagic  Diatoms  of  the  Baltic^ — A.  Engler  describes  the  pelagic 
diatoms  gathered  in  the  Baltic,  chiefly  in  scam  on  the  sarface  of  the 
water  in  the  bay  and  harboar  of  EieL  Different  times  of  the  year 
are  distinguished  by  the  appearance  of  different  genera  and  species. 
Among  the  more  interesting  forms  observed  was  the  remarkable  genus 
ChcBtoceroSj  provided  with  horns  or  bristles  from  5  to  20  times  the 
length  of  the  cylindrical  part  of  the  cell,  the  cell-contents  being  in 
communication  throughout.  Of  this  genus  many  species  are  known 
in  the  Arctic  and  Pacific  Oceans ;  six  are  now  described  from  Kiel  Bay, 
one  of  them,  C  Orunotoii,  new,  was  found  with  spores. 

Diatoms  of  Lake  Bracciano.§ — ^M.  Lanzi  has  examined  for  diatoms 
the  water  from  the  middle  of  this  lake,  and  finds  that,  like  the  pelagic 
species,  they  differ  from  those  found  in  shallow  water.  The  swimming 
deep-water  species  found  were  Fragilaria  crotonenns  Edw.  (Nitzschia 
Pecten  Brun.),  CydoteUa  comta  var.  oligadis  Grun.,  C  comenna  Grun., 
and  Asterionellaformosa  Hass.  Those  found  near  the  shore,  living 
on  plants,  stones,  &c.,  belonged  to  the  genera  NavicuUij  SiauroneU, 
Mcutoglaia^  CymbeUa,  Amphora,  CocconeU,  Achnanthe8y  Oomphonemaf 
Staurosira,  Synedra,  Epithemia,  Surirella,  CymcUopleura,  &o, 

*  Cleve,  P.  T.,  *  Diatoms  collected  during  the  expedition  of  the  Vega,*  60  pp. 
(4  plB.)t  Stockholm,  1883. 

t  Journ.  Linn.  Soc.  (Hot.),  xx.  (1883)  pp.  313-7. 

X  Ber.  Dcutsch.  Bot  Gesell.,  i.  (1883^ ;  Gen.-Versamml.  in  Freiburg,  pp.  x.-xiii. 

§  Atti  Accad.  Pont.  Nuovi  Lincei,  xxxv.  (1883)  May  21.  See  Bot.  Centralbl., 
x?i,  (1883)  p.  257. 
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MICBOSCOPT. 
a.  Instram«iita,  Acc«Mori«i,  Ae. 
Ahretu's  Erectiiig  Microscope. — In  this  instmment  (fig.  38),  by 
Ifr.  C.  D.  Abrene,  the  erecting  prism  is  inserted  below  the  body-inbe^ 
uid  tbu  Ut)4.>r  is  inchnod  at  an  angle  of  about  45°. 
The  prism  is  similsj-  to  Nachot'a  erecting  prism. 
When  the  Microscope  has  a  fine  adjustment,  the  prism  u  moanted 
on  a  piece  of  tube,  as  shown  in  tho  woodcnt ;  but  when  tba  fine 


adjuBtment  is  omitted,  aa  in  the  smaller  forms,  the  prism  is  fixed 
directly  on  tho  arm. 

For  convenience  of  packing,  the  inclined  body-tube  slides  off,  and 
a  cap  is  fitted  over  the  top  of  the  prism-box. 

The  odTantagoB  cleimod  by  Mr.  Abrons  for  the  instniment  are 
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the  erection  of  the  image  by  a  prism  at  the  lower  end  of  the  body- 
tube  immediately  over  the  objectiye  instead  of  over  the  eye-piece, 
''bo  that  any  objective  and  any  eye-piece  can  be  used  withont  any 
trouble,"  and  the  convenient  inclination  of  the  tube. 

Bulloch's  Improved  '* Biological'*  Microscope.* — Mr.  Bulloch 
has  made  further  improvements  in  his  "  Biological  Microscope,"  prin- 
cipally in  the  substage. 

The  substage  and  mirror-bars  move  independently,  with  the  object 
as  a  centre,  as  heretofore ;  but  immediately  beneath  the  stage,  just 
above  where  the  rackwork  ends,  the  substage-bar  is  cut  transrersely  and 
the  two  parts  joined  together  by  a  pinion  and  screw  passing  vertically 
through  lateral  projections  cast  for  the  purpose.  About  this  pin  the 
lower  part,  carrying  the  substage  with  its  rack  and  centering  screws, 
swings  laterally,  entirely  out  from  beneath  the  stage.  The  space 
between  stage  and  mirror  is  thus  unobstructed  by  the  substage,  and 
the  substage  itself  is  practically  clear  of  the  Microscope,  where  it  can 
be  seen,  and  apparatus  removed  from  or  added  to  it  with  even  more 
facility  than  if  it  were  held  in  the  hand. 

Mr.  Hitchcock  regards  it  "  as  the  greatest  improvement  in  substage 
fitting  that  has  been  made  for  years,  and  one  that  is  sure  to  be  appre- 
ciated as  its  value  becomes  known." 

The  substage-ring  is  also  made  in  two  parts,  and  the  lower  part 
swings  to  one  side  independently.  This  part  may  carry  a  tinted 
glass  to  modify  the  light,  or  the  diaphragms  of  a  condenser,  which 
could  be  conveniently  changed.  It  would  be  better  to  place  the 
condenser  and  its  diaphragms  in  the  upper  substage-ring,  while  the 
polarizer  with  its  plates  of  mica  and  selenite  are  fitted  in  the  lower 
ring.  Such  an  arrangement  would  give  the  microscopist  every  facility 
for  work  that  could  be  desired.  Without  removing  a  single  accessory, 
he  would  be  prepared  to  use  the  light  directly  from  the  mirror  by 
turning  the  substage  aside.  Then  the  condenser  could  be  brought 
into  use  by  a  single  motion,  and  the  different  effects  of  oblique  light 
and  dark-ground  illumination  obtained  by  the  simplest  possible 
operation  of  changing  diaphragms.  By  bringing  in  the  polarizer, 
which  is  always  ready  for  use,  all  the  eSecia  of  polarized  light  can 
be  obtained. 

Cox's  Microscope  with  Concentric  Movements. f—The  Hon. 
J.  D.  Cox  describes  the  new  features  of  this  stand  (fig.  29)  to  consist 
in  "  the  construction  of  the  arm  of  the  instrument  in  the  form  of  the 
segment  of  a  circle  in  which  is  a  circular  groove  or  slot ;  the  pillars 
of  the  base  have  on  their  inner  faces  tongues  which  fit  the  slot  in  the 
arm.  The  inclination  of  the  instrument  is  made  by  the  sliding  of 
the  whole  body  along  the  fixed  tongues  in  the  pillars  of  the  base ;  the 
centre  of  motion  of  the  whole  body  is  also  the  optical  centre  of  the 
instrument,  around  which  the  stage,  the  substage  bar,  and  the  mirror 
bar  all  revolve.  The  body  is  clamped  up  in  any  position  by  the  set- 
screw,  with  large  milled  head,  in  the  base.     The  result  is  a  shifting 

♦  Amer.  Mon.  Micr.  Jonrn.,  v.  (1884)  pp.  9-10. 

t  Proc.  Amer.  8oo.  Micr.,  6th  Ann.  Meeting,  1883,  pp.  147-8  (1  fig.). 
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ot  the  GOtitre  of  gntvitj  in  chuiging  the  inclination  of  the  ii 
BO  that  grtttt  stability  in  all  positiona  is  socnred,  uid  the  optio»i 
CL'Dtru  is  thus  nudo  the  oontro  dT  all  the  cironUr  motions  of  the  paita 
of  tlio  inatrumQut. 

Tho  fint  application  of  the  sliding  motion  of  the  body  was  mada 
hj  Goo.  Wale  in  his  'Working  Model,'  but  he  did  not  make  the 


Gontro  of  motion  tbo  optical  centre  of  the  iDstruinont  Mr.  WoDham 
in  bis  elaborate  concentric  Microscope  nses  a  separate  rooker  arm 
with  the  whole  body  of  tho  ordinary  inBtrumont  pivoted  above  it> 
My  design,  which  has  been  conetnicted  by  tho  Bansch  and  Lomb 
Optical  Company,  greatly  simplifies  the  Wonham  instniment,  and 
extends  tho  principle  contained  in  Wale's,  and  makes  a  very  compact, 
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■tkble,  and  satis&ctory  stand.  The  radina  of  the  nironlar  motion 
is  4^  io.,  the  stage  ia  4^  in.  in  diameter,  the  concave  mirror  hac 
it/  in.  focal  loDgUi,  and  the  diameter  of  the  mirier  ma;  bo  from 
Sj  to  3  in." 

OenevB  Compaiiy's  Hicroacope. — This  instrument  (fig.  30),  made 
by  the  "Soci6t6  Generuiee  pour  la  Construction  d'lnaimmentB  do 


Physique,"  has  two  specialities;  one  being  the  spring  pincers  fur 
rapidly  inserting  the  oI^jeotiTo,  described  infra  p.  284,  and  the  other 
the  mounting  of  the  mirror. 

The  mirror  is  attached,  as  shown  in  the  woodcnt,  to  throe  arms 
articulated  in  such  a  nay  that  "the  centre  of  the  mirror  is  made  to 
describe  a  onrred  line  rery  nearly  an  arc  of  a  circle,  the  centre  of 
which  is  on  the  object  under  examination.  The  most  snitable  illn- 
minatimi  is  thus  obtained  Tery  rapidly,  the  obserrer  not  haring  to 

Ber.  a^Vou  IT.  v 
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rognlate  at  the  same  time  the  tocal  diBtance  of  the  miznir  ajid  its 
latc-ral  distance  from  the  axis  of  the  Microscope." 

The  coodoQecr  fits  into  a  double  cjliudrical  tnbe  beneath  &» 
stage,  the  inecr  tnbo  being  moved  up  or  down  in  the  outer  bj  rack 
and  pillion.     The  diaphragms  are  also  inaerted  in  the  iimer  tnbe. 


The  whule  arnDgcmoDt  can  be  roadilj  turned  away  from  the  axis  on 
an  exccntrio  pivot. 

The  stand,  in  its  general  form,  size  ^16  in,  high),  and  workman- 
ship, is  one  of  the  best  that  we  have  loceivud  from  the  Continent. 

[Since  fig.  30  was  cut,  the  Geneva  Company  have  supplied  ua  with 
fig.  31,  which  shows  more  of  the  mode  of  attachment  of  the  anns  of 
the  mirror.] 

"Oiant  Electric  Uicroscope." — This  Microacope  (ante,  p.  109) 
has  continncd  to  be  the  subjoc^t  of  somewhat  liiiiicrouB  comments  on 
the  part  of  the  uoivspaptir  press. 

The  one   point  of  remark   is  the   extent  of   the  magnification 
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(4,000,000  timee),  oven  the  Timea  (28Ui  Jnunorr)  eignslliag  apeoully 
the  fact  tb&t  the  "  eye  of  the  amalleHt  aening  needle  made  appears 
to  ba  about  6  feet  long  bj  i  feet  wide,  the  needle  itself  appearing 
to  be  about  20  foet  thick  From  this  it  mil  be  jttdged  Won  well  ike 
tttin^leti  detail*  in  the  minitle$t  speciment  are  brought  out "  (1) 

Most  of  the  writers  ore  not  content  to  limit  the  value  of  such  an 
instrument  to  the  display  of  objects  to  large  audiences,  where  the 
taferiotitj  of  the  display  is  to  some  extent  compensated  for  by  the 
increased  number  of  spectators  who  can  see  the  objects  at  the  same 
time,  bnt  evidently  suppose  that  the  increase  of  the  msgnifioatioa 
represents  a  proportionate  increase  in  the  scientifio  value  and  capacity 
of  the  instrument,  and  that  by  the  use  of  "  Oiant  Eleotrio"  Micro- 
scopes  we  ore  brought  many  degrees  nearer  to  the  vision  of  the 
ultimate  molecules  of  matter  than  we  are  when  sitting  at  home  with 
a  student's  Microscope  only. 

The  Standard  of  28th  January  says,  "  Bat  althonch  this  great 
Microscope  con  make  the  eye  of  the  smallest  sewing  needle  apparently 
a  huge  orifice  some  seven  feet 
by  five  in  dimensions,  yet  the  Fio.  32. 

component  particles  of  the 
tissues  of  either  ftnimal  or 
vegetable  organisms  cannot  be 
even  yet  made  visible,  and  the 
minute  divisions  of  matter 
would  remsin  unknown,  so  fnr 
as  the  sight  is  concerned,  and 
would  bean  inscmtablo  mystery, 
except  for  the  deep  reasonings 
of  the  educated  human  mind  ; " 
while  the  Norwood  Review  asks 
"  What  assistance,  for  instance, 
may  not  snrgoons  derive  from 
it  in  the  study  of  nosology? 
It  is  safe  to  predict  that  Science 
in  her  onwud  march  will  finil 
a  valuable  accessory  in  the 
"  Giant  Electric  Microscope  " ! 

Tolles'i  Student's  Hiero- 
scope — Fig.  S2  is  given  by  Dr. 
L.  Dippel  in  the  latest  edition 
of  his '  Das  Mikroakop '  (p.  G4I) 
but  without  the  explanation 
that  it  represents  not  a  modem 
arrangement,  but  one  of  the 
rnrlieat  forma  of  MicroBoope 
devised  by  the  late  B.  B. 
Tolles,  the  pecnliarity  of  which  was  that  the  rack  of  the  conm 
adjustment  was  cnt  on  a  rod  attached  at  both  ends  to  tiie  body-tabe 
and  passed  through  the  straight  part  of  the  limb  where  the  pinion 
acted  upon  it.  Wo  believe  this  plan  was  adopted  for  eoonomy  of 
mannfitctnre,  as  the   body-tnbe  sliding  in  a  socket  required  very 

U  2 
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little  outlay  in  tko  nutter  of  aocnnte  bMrings.     It  was,  howerer, 
•bftnduned  in  fuvour  of  the  usukl  Jnckson  slides  and  rack. 

Another  feature  in  the  design  of  the  stund,  vhich  we  have  fonnd 
convenient  in  practice,  was  the  greater  bend  of  the  limb  thAn  nsnal, 
bj  which  the  epaco  above  the  stage  was  left  free  for  manipolatioiu 
with  either  band.  This  latter  feature  has  been  ntaintaiued  in  all  tha 
later  models  of  Uicroscopea  iasaed  b;  Mr.  Tolles. 

Winter's,  Harrii'i,  or  Rabei^fall's  BeTolver  HioriMOopM.-  Mr. 
Harris  of  Great  Ruseell  Street,  W.G.,  informs  ns  that  Thomas  Winter 
was  the  "first  aud  true  iuvontor"  of  these  iustrmnents  (described 
ante,  pp  114-5)  more  thau  56  years  ago,  when  Mr.  Harris  inherited 
tbe  busiuees. 

The  one  described  as  a  simple  MicroBoope  bears  the  name  of 
"  T.  Winter,  Na.  9,  New  Bond  Street,  London,"  while  tbat  figured  at 
page  115  bag,  it  appears,  engraved  on  the  cross  arm  carrying  the 
body-tube,  "  Thoinas  Rubergall,  Optician  to  H.H.H.  the  Dnke  of 
Clarence,  24,  Coventry  Street,  London."  Winter  worked  for  Mr. 
Harris,  and  sold  the  firet  model  to  him  (the  eimple  form  mentioned 
ante,  pp.  114-5).  Later  Winter  made  some  for  Hnbergall,  probably 
the  compound  one  (fig.  11).  He  also  made  some  much  smaller  ones, 
which  were  sold  for  a  few  shillings. 

Geneva  Go's.  Nose-piece  Adapters. — This  (fig.  33)  conrasts  of  two 
pieces  of  brass  hinged  together  at  the  back.  The  upper  is  immovably 
attached  to  the  nose-piece  of  the  Microscope ;  the  tower  terminates  in 
a  fiirk,  which  lies  just  under  the  nose-piece.  The  two  plates  are  kept 
together  by  a  set-screw,  acting  ou  a  spiral  spring,  which  can  be 
tightened  or  loosened  as  required.  The  objectives  are  screwed  to  tbe 
collar  shown  in  the  fig.,  which  slides  in  the  fork.  When  tbe 
objective  is  centered  with  the  optic  axis,  a  slight  projecting  rim  on  tho 
upjior  plal«  drops  into  tho  aperture  of  tbe  adapter ;  tho  objective  is 
then  held  fast,  but  is  readily  removed  oa  applying  a  moderate  down- 
ward pressure,  which  depresses  the  forked  plate 
and  enables  the  collar  to  be  slipped  ont.  By 
tbe  sot-screw  the  amount  of  pressure  required 
to  be  applied  can  be  varied. 

The  above  form  is  a  fixture  on  the  Micro- 
scope, hut  the  Company  make  another  which  is 
removable.  It  does  not  appear,  however,  to 
difier  iu  principle  from  tho  nose-pieces  of  Naobet 
and  V^rick  (see  this  Journal,  L  (1881)  pp. 
661-2). 

^^^  The  advantages  of  such    arrangements  are 

tf^^b  explained    by    the  Qeneva   Company  to  be  (1) 

^tf  economy  of  time,    (2)  "a  mechanical  centering 

of  the  objective  much  more  perfect  than  can  be 

obtained  with  a  screw,  the  defects  of  the  centering  being  immediately 

recognized  can  be  partly  corrected,  and  (3)  we  can  readily  choose 

the  side  of  the  objective  which  gives  tho  best  images,  when  oblique 

illnminatiou  is  used." 


Fia.  31. 
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Zentmayer'i  Hose-pieoe.* — Thia  (fig.  31)  is  yet  auothor  of  tha 
nose-piocee  for  rapidly  changing  objeotivee,  so  many  of  which  hne 
been  brought  ont  daring  tbo  loat  fen  months. 

Mr.  Zentmajer'd  plan  consists  simply  in 
tha  adoption  of  Mr.  Nelson's  form  of  adapter 
(boo  Tol.  ii.  (1882)  p.  856)  with  the  inner 
screw-thread  filed  smooth  in  two  opposite 
segments,  bat  in  place  of  altering  the  thread 
of  the  objective  itself,  he  pats  on  it  a  separate 
collar,  the  inner  thread  of  which  is  entire,  bat 
the  outer  thread  filed  smooth  in  two  places 
in  a  similar  way  to  that  of  the  adapter. 

Mr.  Zentmayer  thonght  it  aseless  to  adopt 
the  original  plan,  "  unless  all  the  prominent 
manufacturers  wonld  agree  to  cut  the  screw- 
threads  of  objectives  and  nut  in  the  same  rela- 
tion," which  would  be  difficult  to  establish  ; 
but  "  by  means  of  the  collar  he  can  manu< 
faoture  a  nose-piece  and  collar  for  any  objec< 
tire  without  having  either  at  band." 

Tdmebolun'i  Unlverial  Stage  Indioator.t— A.  E.  Tomebohm 
describes  his  arrangement  as  follows: — "Every  petrological  Micro- 
scope  is  now,  as  a  rule,  provided  with  a  scale,  or  other  arrangement 
on  the  stage,  whereby  we  can  readily  find  again  any  particular  point 
in  a  preparation  which  it  is  desired  to  mark.  According  to  the  methods 
hitherto  used,  however,  the  contrivance  which  gives  the  position  of  a 
point  in  the  preparation,  is  only  available  for  a  given  Mioroscope,  or 
at  most  for  the  Microscopes  of  a  given  maker.  It  would  natnrally  be 
better  if  it  were  available  for  all  petrological  Microscopes,  so  that  ia 
sending  away  a  preparation  for  inspection  we  could  easily  indicate  the 
point  to  be  observed  witbont  an  ugly  ring  of  ink.  This  advantage  can 
be  easily  attained  by  the  following  simple  contrivance,  which  I  have 
adapted  to  my  Microscope  for  years  past  and  which  I  have  fonnd  very 
effective. 

The  stage  is  divided  by  lines  crossing  at  right  angles,  like  a  chess- 
board, the  distance  between  the  lines  being  exactly  2  mm.  Every 
fifth  line  should  be  somewhat  thicker  so  as  to  facilitate  the  oonnting. 
It  is  superfluous  to  mark  the  lines  with  figures.  Two  of  the  lines  most 
cross  each  other  ezaclts  in  the  centre  of  the  stage,  and  the  counting 
starts  from  these.  When  I  wish  to  mark  a  point  in  a  preparation,  I 
first  adjust  it  in  snch  a  manner  that  the  edges  of  the  slide  are  parallel 
with  tbo  lines.  I  then  determine  the  position  of  one  comer  (preferably 
the  lower  loft  comer)  by  counting  ttom  the  two  middle  lines,  and 
write  the  resnlt,  in  the  form  of  a  fraction,  npon  the  label  of  the  pre- 
paration, as  for  example  -=^  if  the  distance  along  the  mtical  edge 
(the  writing  on  the  preparation  being  horizontal)  is  found  to  be  11  -  3, 

•  Amet.  Mod.  Micr.  Joum.,  v.  (18M)  pp.  42-3  (1  flg.). 

t  NcDsa  Jabrb.  f.  Mioeral.  Geol.  u.  Palaont,  ISSS,  i.  pp.  195-6. 
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uid  that  kluDg  the  horisonUl  edge  7*8.  An  eetunftte  can  ha  YOrj 
well  nude  wittiin  ft  tenth  (that  is  toO-2nuD.)  which  iasnfficieDtljnekr. 
It  Du;  somotimcs  happen  with  lArge  pKiMnti<HU  uid  slides  of 
ordinu;  sizo  that  the  comer  to  be  marked  lies  oatnde  the  divimoaa. 
I  therefore  muk  the  position  of  the  opposite  disgonsl,  snd  put  sn 


106_ 
17 


angle  ronnd  the  fraction  thm 

I  hare  been  able  to  conTinco  myself  hy  trisls  that  dinsions  which 
arc  good  for  one  Hioroecope  are  eqnally  good  for  others  simiUrlj 
smmged,  and  that  thorofore  the  contriTauoo  is  a  practiosl  one." 

Stokei'i  Fish-troagh.* — A.  W.  Stokes  doecribes  a  simple  app*- 
latuH  for  atirating  UviDg  fish  whilst  under  obserrstion.  It  is  shown 
in   porspcctiTo   at  fig.  3fi,  and  in   longitodinal  section  at  fig.  36, 


a,  a  being  two  wodgo-shsped  slipe  of  wood  well  soaked  in  parsffio 
wax  to  render  them  waterproof,  b,  b,  two  S  X  1  glass  sOps,  bo 
arrangvd  as  to  form,  with  the  wood  slips,  a  wedge-shaped  glan  box. 
The  Urgor  ond  of  this  box  is  inclosed  in  a  short  pieoe  of  indiambber 
tube  c,  and  this  tube  is  closed  hj  a  cork.  A  short  pieoe  of  glass  «i  is 
fixed  inaido  about  midway  between  the  glass  sides  of  the  box,  so  that  it 
will  form  a  shelf  upon  which  the  fish's  tail  may  be  during  examinsr 


tioD,  as  shown  in  fig.  36.  At  either  end  of  the  box  ate  fitted  two  short 
gloss  tubes  e  e,  which  when  the  instrument  is  iu  use  are  tespectiTelf 
connected  by  indiarabber  pipes  with  bottles  at  different  levels,  to 
obtain  a  drculation  of  water. 

Helson  -  Hawaii  Lamp. —At  the  Society's  meeting  in  January, 
Ur.  J.  Siayall,  jnn.,  exhibited  the  modified  form  of  Nelson's  lamp,  \ 
shown  in  fig.  37.  The  modifications  consist  (1)  in  making  the 
oil-well  circular  instead  of  sqoare,  so  that  the  standard  passes  con- 
veniently through  the  oontro,  and  tho  well  carrying  the  lamp  osa 
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bo  rotated  for  porposee  of  centering,  &c ;  (i)  a  ractwork  is  applied 
to  the  standard  by  which  the  height  of  the  lamp  can  be  adjusted 
rapidly ;  (3)  the  base  is  made  thinner  and  the  fittings  beneath  the  well 
altered  eo  that  the  burner  can 
be  pnt  3/i  of  an  inch  lower 
than  formerly ;  (i)  the  oblong 
framo  carrying  the  lamp-gloas 
(an  ordinary  3  X  I  slip)  is  pro- 
vided with  two  eitra  grooves,  in 
which  may  be  slid  3x1  slips 
of  tinted  or  ground  glass,  or  a 
brass  plate  (shown  in  tlie  fig.), 
to  which  an  adjustable  dia- 
phragm is  fitted,  can  be  nsod 
in  combination  with  white  or 
tinted  light;  (6)the  cylindrical 
partof  the  chimney  is  arranged 
so  that  an  opal  glass  reflector 
may  be  inserted  if  desired. 
Whilst  adding  bat  little  lo  the 
cost  of  the  lamp  as  devised 
by  Mr,  Nelson,  the  new  form 
combines  several  points  of 
novelty  saggested  by  practical 
experience. 

Standard  Hicrometer 
Scale.*  —  It  wiU  be  remem- 
bered    that     the     American 
Society  of  Microecopists  ulti- 
mately aband  oned  th  e  ir  original 
micrometric  unit  of  1/100  mm. 
and  adopted  1/1000  mm.  or  1  fi. 
The  United  Sl:At«B  Borean  of 
Weights  and  Measures  under-     0^ 
took  to  prepare  and  autbenti-     'P^ 
cato  a  standard  scale,  and  in      *~"' 
August  18S2,  such   a   scale, 

ruled  on  a  platin-iridinm  bar,  and  verified  with  great  care  by  Frofeasor 
C.  S.  Fierce,  was  placed  at  the  disposal  of  the  National  Committee  en 
Uiorometry  representing  the  various  Microscopical  Societies.  A 
sub-committee  for  testing  this  micrometer  was  appointed,  on  whosa 
behalf  Professor  W.  A.  Rogers  subjected  the  plate  to  a  prolonged  and 
elaborate  study  which  was  not  completed  until  August  1883. 

This  scale  is  divided  into  ten  millimetres,  each  division  being 
marked  by  threo  lines  distant  from  one  another  ten  microns,  and  the 
measurement  is  to  be  made  from  the  moan  position  of  one  triplet  of 
lines  to  that  of  another.  The  first  millimetre  Is  again  divided  in  the 
r  into  tenths  of  millimetres.    The  first  tenth  of  a  nulli- 


h  Annual  Heei,  1683,  pp.  178-200. 


*  Ptoo.  Amet.  8o«.  Uioi 
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metro  M  snlidiTided  into  ton  apacei  of  ten  microiu  Mch.  There  ue 
tbirtbcn  of  thcBO  lines  kt  the  beginning  of  the  centimetre,  the  Gnt 
tenth  of  a  millimotre  bting  meaaared  from  the  mean  of  the  first  three 
to  the  menu  of  the  elcvcuth,  twelfth,  and  thirteenth.  The  SMle  ii 
engraved  uu  a  piece  of  platin-iridium  made  by  Hatthej,  Mid  containing 
20  )>cr  cent,  of  iridium. 

Professor  W.  A.  Rogers  gives  the  results  of  a  Tery  elabonte 
"  study  "  of  the  scale,  trhicli  is  now  in  the  coatody  of  the  American 
Society  of  Uicroscopiats,  and  available,  under  regolationa,  to  "  parties 
of  eminent  ability "  for  the  comparison  and  verifieation  of  their 
standards.    Three  copies  are  to  be  mode  on  glass,  which  will  be  lent  out, 

Xicroicopia  Test-Objects.* — The  correspondence  en  this  Butiject 
between  "  Monachns  "  and  Mr.  E.  If.  Nelson  has  been  further  con- 
tinued, tiic  former  finally  accepting  (as  "  that  which  was  to  be 
demoni-trotud  ")  Mr.  Nelson's  admission  that  when  he  wrote  that  he 
ha<l  by  particular  means  made  the  discovery  of  the  "  true  Btractnre" 
of  SiirireUa  gentnta  be  did  not  moan  the  "  ultimate  true  stractnre." 

There  is  one  point  hon'evor  in  the  correspondenoe  left  nntonched, 
which  we  refer  to  because  the  misapprehension  which  Ur.  Nelson 
was  under  on  the  subject  has  at  one  time  or  another  been  widdj 
shared  and  we  have  no  doubt  is  so  still. 

If  we  have  a  grating  (fig.  88)  it  will,  as  we  know,  give  rise  to 


m 


diflinction  spectra  as  in  fig.  39.  But  if  wo  stop  oflfall  the  spectra  except 
two  nearest  the  central  dioptric  beam  (gay  at  the  lop  ud  side) 
we  sliall  still  see  the  grating.  Hence  it  has  been  suppoaed  that  tmlj 
those  spectra  were  really  ucccBsary  for  the  image,  or  as  Mr.  Nelson 
puts  it,  "  the  true  structure  can  be  seen  without  taking  up  all  the 
diffraction  spectra." 

It  cannot  be  too  clearly  borne  in  mind  that  this  is  an  erroneous 
notion  and  that  it  is  a  fundamental  point  of  the  di&aotion  theoi7 
that  if  we  are  to  see  a  true  image  of  the  object,  all  the  di&aotion 
spectra  into  which  tho  original  pencils  were  separated  must  be  again 
gathered  up  and  brought  to  tho  eye,  so  that  wherever  any  of  the 
diffraction  spectra  (up  to  tho  limit  of  vanishing  intensity)  are  wanting, 
the  imago  is  incomplete.  The  absence  of  tho  spectra  shut  off  may 
produce  very  considerable  variations  in  the  image,  not  only  in  the 
breadth  of  the  lines  and  spaces,  but  otherwise. 

*  8rc  Biblioginphy,  infra. 
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Aperture  and  Eesolution.* — L.  Wright,  while  agreeing  in  the 
utter  impossibility  of  ever  knowing  by  absolute  obseryation  the  "  true 
structure"  of  minute  objects,  yet  thinks  there  is  something  in  the 
objections  to  OTermuch  dependence  upon  the  results  of  yery  oblique 
light. 

Let  us  suppose  we  have  an  object  whose  true  structure  is  some- 
thing like  fig.  40,  explained  or  described  as  follows : — 


ACS 


Fio.  40. 
C    A     C    B    C 


Let  the  black  lines  AAA  denote  strong  ribs,  or  striations,  or  ridges 
20,000  to  the  inch ;  B  B  lesser  ridges  midway  between  them,  and 
COO  either  valleys  or  fainter  markings  midway  between  these.  A 
low-angled  lens  would  show  the  black  lines  only ;  a  good  glass  would 
bring  out  B  B  as  well ;  a  good  immersion  the  faint  dotted  lines  000. 
But  even  in  this  simple  case  these  latter  would  certainly  appear  as 
lines ;  for  the  distances  represented  by  the  dots  are  far  too  minute 
for  their  spectra  (transverse  to  the  others)  being  included  in  any  lens 
yet  made.  Let  us,  however,  now  suppose  the  real  structure  to  be 
modified  as  in  fig.  41,  the  second  strongest  markings  B  B  being  next 

Fig.  41. 
ABCCABCCA 


AAA,  but  00  0  altogether  absent,  and  not  as  here  shown.  The 
second  lens  would,  in  this  case,  show  only  a  slight  thickening  or 
blurring  of  the  coarser  striation  AAA;  but  the  immersion  objective 
might  show  nearly  the  same  image  as  that  given  by  the  previous 
structure,  since  the  narrow  intervals  A  B,  A  B,  A  B,  would  give  the 
same  spectra  as  if  the  gaps  0  00  were  filled  up.  It  is  true  the  wider 
distances  B  A,  6  A,  B  A  would,  by  their  own  spectra,  strengthen  the 
B  B  lines ;  but  the  dotted  lines  0  00  would  be  created,  and  appear 
to  show  s^cture  which  did  not  exist. 

But  no  microscopic  structure  really  consists  of  absolute  lines,  and 
hence  this  is  a  very  small  part  of  the  complicated  problem.  If^  as  we 
have  supposed,  AAA  are  ridges,  they  will  have  some  absolute  breadth, 


•  Engl.  Mech.,  xxxviii.  (1884)  pp.  470-1  (2  figs.). 
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and  tlieso  dimenBions  really  constitato  a  still  more  minnte  set  of  lines, 
w1i(>8o  8i>ectra  are  far  beyond  the  ooUooting  power  of  oar  lenses. 
Heucc  tlic  reason  why  real  lines,  like  Nobert^s  test-bands,  can  be  truly 
**  resolved "  or  photographed,  though  microsoopic  objects  cannot. 
Supposing  the  objective  can  resolve  linos  of  100,000  to  the  inch,  all  it 
is  callable  of  showing  in  an  objeci  is,  that  something — tame  Tariation 
of  structure — occurs  at  regular  intervals  of  100,000  to  the  inch.  If 
this  is  so,  it  will  be  shown  as  lines ;  but  it  is  perfectly  obvioos  that 
very  rarely  can  it  reallif  he  mere  lines.  It  wul  have  form  of  some 
kind  ;  and  every  minute  variation  in  light  and  shade  due  to  that  form, 
constitutes  an  infinitely  minute  set  of  dialanceM,  which  will  all  cause 
their  own  spectra,  too  distant,  if  not  too  faint,  to  be  gathered  in* 

Error  may  arise  in  yet  another  way.  Lord  Bayleigh  has  shown 
mathematically,  and  partially  proved  experimentally  ?by  gratings  eaten 
out  in  gelatine)  that  if  an  optical  grating  be  oomposea  (instead  of  white 
and  black  lines)  of  equally  transparent  narrow  stripes,  whereof  each 
alternate  one  retards  light  half  a  wave-length  more  than  its  neighbours^ 
the  spectra  are  fourfold  in  hrightnese.  Now  these  also  would  image  lines, 
though  falsely.  The  application  to  transparent  microsoopic  objects 
need  nut  bo  pointed  out. 

Yet  the  more  we  understand  the  true  relations  of  these  spectra, 
and  their  optical  effects,  the  truer  will  our  interpretations  become, 
within,  at  least,  the  limits  of  microscopic  vision,  and  the  more  certainly 
shall  wo  be  directed  to  methods  of  manipulation  which  may  truly 
interpret  the  phenomena.  Taking  merely  the  theory  of  the  matter, 
let  us  consider  the  case  ot  fig.  41  where  only  the  lines  A  A  and  B  B 
really  exist,  but  0  C  are  a2)parent  by  the  illusory  spectra  of  the 
narrow  spaces  between  A  B,  A  B.  It  is  plain  we  have  means,  if  our 
suspicion  as  to  the  existence  of  C  C  C  is  awakened,  of  clearing  it  up. 
For  we  can  stop  off  not  only  the  central  pencil,  but  those  inner  spectra 
which  give  us  the  coarsest  intervals  AAA.  This  will  bring  into 
stronger  relief  the  spectra  representing  the  next  widest  spaces,  B  A, 
B  A,  and  thus  we  may  correct  the  former  result  Also  it  is  obyions 
that  any  skilful  manipulator  with  a  knowledge  of  physical  optics,  by 
stopping  off  central  pencils,  and,  when  necessary,  inner  spectra, 
might  bring  into  stronger  relief  the  much  fainter  spectra  caused  by 
fainter  and  finer  striations,  which  were  before  ^  drowned,"  as  it  were, 
in  the  coarser  phenomena.  Mr.  Stephenson  proved  this  in  the  case 
of  P.  angulatum,  bringing  out  minute  patterns,  when  the  central 
pencil  was  stopped  off,  which  had  never  before  be^n  seen. 

It  is  also  evident  why  so  much  is  learnt  from  various  incidence 
of  the  light ;  but  it  will  also  appear  that  this  should  be  studied  more 
gradually  than  most  mirror  arrangements  permit.  As  a  rule,  micro- 
scopists  adjust  for  one  obliquity,  and  make  their  observation ;  then 
try  another.  It  would  rather  appear  that  continuous  observation 
under  a  steadily  increased  obliquity  must  be  necessary  to  good  inter- 
pretation ;  and  that  even  then  a  competent  knowledge  of  the  physical 
phenomena  of  optical  gratings  is  necessary,  as  well  as  a  careful 
collation  and  comparison  of  the  appearances  with  those  presented 
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under  similar  treatment  by  coarser  objects,  of  which  true  dioptric 
images  can  be  obtained.  But  eyen  then  it  will  be  only  a  matter  of 
interpretation  more  or  less  correct.  All  we  know  of  A,  peUudda  is, 
that  there  are  strisB,  or  ridges,  or  something  occurring  at  interyals  of 
80  many  to  the  inch.  It  is  obvious  they  cannot  be  mere  lines,  as  they 
appear  to  us ;  but  as  any  **  form  "  must  inyolve  another  set  of  lines 
of  at  least  double  the  minuteness,  and  probably  far  more,  what  is 
there  can  ncTcr  be  known,  except  from  analogy  and  comparison  with 
larger  diatoms.  As  a  rule,  we  must  get  lines  only  in  minute 
structures,  and  as  a  rule,  that  appearance  is  certainly  false.  Nerer- 
theloss,  the  variations  in  distance  between  the  spectra  under  gradually 
increased  obliquity,  and  their  consequent  image-results,  appears  the 
most  likely  general  method  of  ascertaining  the  true  proportions  of 
distances  between  striaa  not  all  equidistant,  while  tlie  successive 
stopping  out  of  the  inmost  and  brightest  spectra  appears  the  most 
promising  general  method  of  revealing  those  fainter  spectra  which 
may  lie  hidden  behind,  and  which  reveal  some  periodic  variation  in 
structure  at  the  distances  of  the  apparent  lines. 

The  Future  of  the  Microscope.  —  Amongst  the  reports  on  the 
South  Kensington  Loan  Collection  of  Scientific  Apparatus  is  one  by 
Prof.  Abbe  on  the  *'  Optical  Aids  to  Microscopy,"  *  the  earlier  part  of 
which  (pp.  383-91)  is  occupied  with  a  general  description  of  the 
stands,  objectives,  and  other  apparatus  e:diibited,  with  critical  com- 
ments. The  succeeding  thirty  pages  are  devoted  to  a  consideration  of 
*^  the  facts  which  throw  a  light  on  the  conditions  of  optical  perform- 
ance, and  furnish  hints  in  regard  to  fui'ther  progress."! 

The  author  commences  with  expressing  the  opinion  that  no  epoch- 
making  advance  in  the  way  of  an  extension  of  the  domain  of  micro- 
scopical perception  is  now  possible,  although  there  is  still  great  room 
for  improvement  in  other,  and  in  a  relative  sense  minor,  respects. 
The  curve  of  progress,  after  having  risen  abruptly  for  several  decades, 

*  Hoffmann,  A.  W.,  *  Bericht  liber  die  wUsenschaftliohen  Apparate  auf  der 
Londoner  Intemationalen  Ausstellung  im  Jahre  1876.*  8 vo,  Braunschweig,  1878. 
Cf.  pp.  383-420,  Abbe,  R,  ♦  Die  optischen  Hiafamittel  der  Mikroekopie.' 

t  It  appeared  to  us,  on  a  perusal  of  Professor  Abbe's  paper,  that  he  had  not 
given  sufficient  weight  to  the  increase  in  aperture  and  resolving  power  obtained 
by  the  use  of  homogeneous  immersion,  but  to  our  objections  on  that  point  he 
writes  as  follows  : — **  Your  objection  leaves  out  of  siglit  the  general  point  of  view 
from  which  the  question  of  further  perfection  of  the  Microscope  U  discussed  here. 
When  the  article  was  written,  the  opinion  was  generally  spread,  still— even 
among  mioroscopists — that  it  wis  only  a  question  of  time  that  the  Microscope 
should  display  the  molecules  themselves.  This  opinion  I  had  always  in  view  during 
the  whole  discussion.  Hence  results  the  large  standard  applied  by  me  in 
estimating  and  measuring  progress.  The  increase  of  delineating  power  from 
l*ltol*4orl*5isan  exceedingly  smalt  increase  compared  with  the  supposed 
increase  from  1  *  1  to  oo.  That  half  the  wave-length  in  air  *  is  the  approximate 
limit,'  and  that  this  will  not  be  overcome  in  a  *  considerable '  extent  is  true, 
notwithstanding  homogeneous  immersion,  having  regard  to  the  said  standard  of 
estimation.  The  important  point  is  that  the  xoaroe-Ungth  does  constitute  a  limit ; 
that  the  value  of  the  wave-length  may  be  reduced  m  some  degree  by  media  of 
higher  refraction  is  the  subordinate  feaiuie  under  the  point  of  view  of  the  paper." 


292  SUMMARY  OF  CURREKT  RESEARCHES  RELATINO  TO 

ap|)car8  to  havo  a  tendoncy  towards  an  asymptote  parallel  to  the 
b«i80  liuo. 

A  condensed  and  snmmarized  statement  is  g^yen  of  the  theoretioal 
principles  on  which  the  compound  Microscope  is  baaed,  inclndiDg  the 
author^s  now  well-known  viows  on  the  formation  of  the  images  of 
minute  objects  in  microscopical  vision,  together  with  observations  on 
the  important  function  of  aperture  in  the  Microscope,  and  the  increase 
of  aperture  obtained  by  inmiersion  lenses  as  compared  with  dry. 

The  remainder  of  the  paper  is  devoted  to  a  consideration  of  the 
possible  ways  and  means  by  which,  in  the  future,  new  sacoesses  may 
be  hoped  for,  **  the  most  important  practical  advantage  of  a  rational 
theory  of  the  Microscope  being  that,  destroying  mere  vagne  hopes,  it 
enables  a  proper  direction  to  be  given  to  the  aims  of  the  inventor." 

With  regard  to  a  still  further  extension  of  aperture  beyond  1*5 
(the  refractive  index  of  crown  glass),  the  anthor  suggests  that  it  may 
1)6  thought  that  in  process  of  time  transparent  substances,  available  for 
the  construction  of  objectives,  will  be  discovered,  whose  refractive 
index  will  far  exceed  that  of  our  existing  kinds  of  glass,  together  with 
immersion  fluids  of  similarly  high  refractive  power,  so  as  to  give  new 
scope  to  the  immersion  principle.  What,  however,  he  asks,  will  be 
gained  by  all  this  ?  Wo  shall  perhaps,  with  certain  objects,  snch  as 
diatoms,  discover  further  indications  of  structure  where  we  now  see 
bare  surfaces;  in  other  objects,  which  now  show  only  the  typical 
striations,  we  shall  sec  something  more  of  the  details  of  the  actual 
structure  by  means  of  more  strongly  diffiracted  rays ;  but  we  should 
get  on  the  whole  little  deeper  insight  into  the  real  nature  and  com- 
position of  the  minuter  natural  forms,  even  should  the  resolving  power 
of  tlie  Microscope  be  increased  to  twice  its  present  amount ;  for,  what- 
ever part  of  the  structure  cannot  at  present  be  correctly  represented 
on  account  of  its  small  size,  will  then  also  give  an  imperfect  imagCi 
although  presenting  a  somewhat  higher  degree  of  similarity  than 
before.  If,  therefore,  we  are  not  to  rest  upon  conjectures  which 
surpass  the  horizon  of  our  present  knowledge  (as,  for  instance,  would  be 
the  expectation  of  the  discovery  of  substances  of  considerably  higher 
refractive  power  than  has  hitherto  been  found  in  any  transparent  sub- 
stance), our  progress  in  this  direction  in  the  future  will  be  small,  and 
the  domain  of  microscopy  will  only  be  very  slightly  enlarged,  the  more 
so  because  every  such  advance,  however  great,  will  be  but  of  limited 
utility  to  science,  on  account  of  very  inconvenient  conditions.  For  a 
given  extension  of  the  aperture  can  only  render  possible  a  corre- 
spondingly enhanced  performance  of  the  Microscope  when  the  object  is 
surrounded  by  a  medium  whose  refractive  index  at  least  equals  that 
aperture.  If  the  Microscopes  of  the  future  should  utilize  the  high  re- 
fractive power  of  the  diamond,  all  the  objects  would  have  to  be  im- 
bedded in  diamond,  without  any  intervening  substance.  The  result  of 
this  consideration  is,  therefore,  that  as  long  as  aperture  serves  that 
specific  function,  which  experiment  and  theory  compel  us  to  ascribe  to  it 
at  present,  there  is  a  limit  to  the  further  improvement  of  the  Microscope, 
which,  according  to  the  present  condition  of  our  knowledge,  must  be 
considered  as  insurmountable.     The  optics  of  the  day  have  already  so 
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nearly  approached  this  limit,  that  any  very  important  improvement  in 
the  way  of  a  further  development  is  no  longer  to  be  anticipated.  This 
limit  to  all  optical  observation,  in  the  direction  of  minuteness,  can  be 
approximately  defined  by  half  the  wave-length  (in  air) ;  at  least 
microscopical  observation  cannot  be  applied  to  objects  which  are 
smaller  to  a  considerable  extent  than  half  the  wave-lengths,  although 
the  latter  can  be  somewhat  exceeded  with  immersion  lenses. 

The  measure  of  the  details  accessible  to  our  vision  is  not  an  abso- 
lute one,  but  is  related  to  the  wave-length  of  the  light  by  which  in 
any  particular  case  the  image  is  formed.  There  is,  therefore,  a 
certain  latitude  which  can  be  utilized  to  some  extent  in  favour  of  optical 
perception.  In  observations  with  white  light  those  rays  predominate,  in 
the  formation  of  the  image  visible  to  our  eye,  which  show  the  greatest 
intensity  in  the  visible  spectrum.  The  mean  wave-length  will  there- 
fore correspond  with  the  bright  green,  and  may  be  taken  as  0  *  55  fu 
Somewhat  smaller  wave-lengths,  those  of  the  blue  rays,  allow  of 
effective  observations  with  so-called  monochromatic  illumination,  the 
advantages  of  which  for  the  recognition  of  the  finest  details  have  long 
been  known  to  the  microscopist. 

Still  more  favourable  are  the  conditions  of  image-formation  with 
photography,  since  in  this  case  the  wave-length  of  the  violet  rays, 
which  are  the  active  ones,  is  0*40  /x  only.  The  performance  of 
objectives  under  otherwise  similar  circumstances  extends,  therefore, 
perceptibly  further  with  photography  than  with  direct  observation. 
Not  only  does  the  photograph  show  finer  details  at  the  limit  of  the 
resolving  power  than  would  be  directly  visible  to  the  eye,  but  even 
when  the  object  is  not  at  the  extreme  limits  of  resolution,  but  the 
correctness  of  the  imago  is  yet  more  or  less  problematical,  it  gives  a 
greater  guarantee  of  the  truth  of  the  representation  than  does  the 
ordinary  image.  Hence  photo-micrography,  in  difficult  examinations, 
has  a  value  not  to  bo  underrated. 

A  further  step  may  be  taken  in  this  direction  by  utilizing  rays 
which  probably  lie  far  beyond  the  limits  of  the  visible  spectmm  in 
the  ultra-violet.  If  these  images  are  not  directly  visible,  it  is  possible 
to  imagine  them  made  visible  by  means  of  fluorescent  substances. 
But  for  this  the  optician  must  have  materials  for  the  construction 
of  the  objective  which  possess  at  least  the  transparency  of  quartz 
for  the  ultra-violet  rays,  without  those  properties  which  now  preclude 
its  application  for  such  a  purpose,  and  substances  of  similar  trans- 
parency must  also  be  found  for  imbedding  the  object  and  for  the 
immersion  fluid. 

This  consideration  shows  to  what  extent  we  must  quit  the  sure 
ground  of  experience  if  from  onr  present  standpoint  we  reckon  on  a 
fundamental  improvement  of  microscopy.  The  result  of  such  attempts 
leaves  no  prospect  in  the  main  of  the  realization  in  the  future  of 
hopes  and  wishes  which  rest  on  the  notion  of  an  ever-extending  and 
unlimited  improvement  in  our  optical  instruments.  Judging  from 
what  lies  within  the  horizon  of  our  present  knowledge,  a  limit  is  put 
to  the  range  of  our  eyes  by  the  action  of  light  itself,  a  limit  which  is 
not  to  be  overstepped  with  the  tools  given  us  by  our  present  know- 
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ledgo  of  natare.  **  There  remains,  of  course/'  says  the  author,  ^*  the 
consolation  that  there  is  much  between  hearen  and  earth  that  is  not 
dreamt  of  in  onr  philosophy.  Perhaps  in  the  fa  tore  hmnan  genius  may 
succeed  in  making  forces  and  processes  serviceable  which  may  enable 
the  boundaries  to  be  overstepped  which  now  seem  impassable.  Such 
is,  indeed,  my  idea.  I  believe,  however,  that  those  instruments 
which  may  perhaps  in  the  future  more  effectively  aid  our  senses  in 
the  investigation  of  the  ultimate  elements  of  the  material  world  than 
the  Microscope  of  the  present,  will  have  little  else  than  the  name  in 
common  with  it." 

There  is,  therefore,  but  small  scope  left  for  the  advance  of  optical 
art,  in  regard  to  the  most  important  point  in  the  efficiency  of  the 
Microscope — aperture— the  possible  direction  of  which  has  been  indi- 
cated in  the  foregoing  observations.  The  further  perfecting  of  the 
instrument  must  chiefly  relate  to  the  two  other  factors  of  its  optical 
performance,  viz.  the  magnifying  power  and  the  dioptrical  exactitude 
with  which  the  image  is  formed.  In  these  is  to  be  found  the  most 
important  task  left  for  the  optician  in  reference  to  the  Microscope. 

With  regard  to  the  first — the  amplification  of  the  image --the 
author  proceeds  to  explain  in  outline  the  point  since  dealt  wiUi  more 
in  detail  in  his  papers  on  the  relation  of  aperture  to  power,*  and 
the  uselessness  of  a  magnifying  power  that  is  out  of  proportion  to  the 
aperture — increased  size  without  visible  detail,  so  that  we  have 
"  mere  emptiness."  There  is  room  for  improvement  of  the  eye-piece  in 
reference  to  many  points — the  size  of  the  field,  the  uniformity  of  the 
magnifying  power,  &c. ;  but  they  are  points  of  subordinate  importance, 
because  they  do  not  touch  the  performance  of  the  Microscope  in  its 
most  essential  respects.  The  practical  optician  has,  it  appears, 
adopted  this  view.  At  least  the  fruitless  efforts  to  increase  the  actual 
capacity  of  the  Microscope  by  special  eye-pieces  have  ceased. 

It  is  an  essentially  different  matter  with  the  remaining  factor. 
The  conditions  on  which  depend  the  more  or  less  perfect  union  of  the 
rays  in  an  optical  system  are  so  manifold  and  so  complex,  and  the 
ways  and  means  of  satisfying  certain  requirements  are  so  numerous 
that  a  wide  field  will  remain  open  to  optical  science  for  all  time.  The 
imperfection  of  the  optical  image  at  the  focal  point  springs  from  two 
causes  very  similar  in  their  effects.  The  one  arises  from  the  residual 
sphencal  and  chromatic  aberration  which  even  the  best  devised  com- 
binations of  refracting  media  still  leave ;  the  other  lies  in  the  want  of 
homogeneity,  precise  form,  and  exact  centering  of  the  lenses  which 
even  Uie  most  peifect  art  can  never  wholly  remove.  The  result  is  that 
every  objective  unites  the  cones  of  rays  proceeding  from  the  points 
of  the  object,  not  in  mathematically  exact  image  points,  but  in  light 
surfaces  of  greater  or  less  extent — circles  of  dissipation — and  thereby 
limits  the  distinct  representation  when  the  details  are  of  a  certain 
minuteness. 

Of  course  every  part  of  the  optical  system,  the  objective  as  well  as 
the  eye-piece,  contributes  to  this  imperfection  of  the  image.  In  its 
practical  importance,  however,  the  part  played  by  each  of  the  elements 

•  See  this  Journal,  il.  (1882)  pp.  300  and  460,  and  iii.  (1883)  p.  790. 
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of  the  compoand  Microscope  is  extraordinarily  different.  If  we  dis- 
regard the  faults  of  the  image  towards  the  margin  of  the  field,  and 
consider  only  the  maximum  sharpness  of  the  image  in  the  region  of 
the  axis,  the  eye-piece  is,  as  a  matter  of  fact,  quite  without  influence. 
In  the  simplest  eye-pieces  with  unachromatic  lenses,  their  action  in  the 
oentre  of  the  field  is  practically  free  from  error,  when  we  estimate 
the  conditions  under  which  they  act.  It  is  undoubtedly  accurate,  as 
IB  often  urged,  that  the  eye-piece,  even  in  the  axis,  exercises  an  influence 
on  the  spherical  and  chromatic  aberration  of  the  pencils,  but  at  the 
same  time  as  accurate  as  it  is  to  say  that  the  sun  rises  earlier  for  a 
tall  man  than  it  does  for  a  short  one. 

For  the  proper  performance  of  the  Microscope,  those  faults  in  the 
image  are  alone  important  which  originate  in  the  action  of  the 
objective,  and  are  only  enlarged  in  the  objective-image  by  the  eye- 
piece. From  whatever  cause  these  may  spring,  whether  from  external 
imperfection  of  the  lenses,  or  from  aberrations,  their  common  influence 
consists  in  their  imposing  a  certain  limit  to  the  useful  magnifying 
power  in  the  case  of  every  objective.  The  more  perfectly  an  objective 
of  given  focal  length  acts  in  both  respects,  the  higher  the  magnifying 
power  it  admits  of  by  moans  of  tube  and  eye-piece ;  the  more  imper- 
fect the  union  of  the  rays,  the  lower  the  magnifying  power  at  which 
the  dispersion  circles  from  each  point  of  the  image  destroy  its  sharp- 
ness and  clearness.  Moreover  it  is  entirely  unimportant  in  itself  by 
what  means  a  given  magnifying  power  is  to  be  produced,  whether  by 
longer  tube  and  weaker  eye-piece,  or  by  shorter  tube  and  stronger 
eye-piece ;  the  amount  of  the  united  magnifying  power  is  alone  to  be 
considered,  and  must  be  compared  to  the  magnifying  power  which 
the  objective,  used  as  a  magnifying  glass,  would  give  by  itself.  The 
ratio  in  which  tube  and  eye-piece  may  increase  the  available  magnify- 
ing power  over  that  of  the  objective  alone,  without  deterioration  of 
the  image,  forms  the  exact  standard  of  the  perfection  of  an  objective. 
On  the  one  hand,  this  points  out  the  reason  why  the  attainment  of  a 
higher  magnifying  power  always  necessitates  objectives  of  shorter 
focal  length.  This  would  not  be  the  case  if  the  objective  could  be 
arranged  so  as  to  unite  the  rays  perfectly,  for  nothing  would  then 
hinder  the  production  of  any  desired  amplification  of  the  image, 
by  means  of  tube-length  and  eye-piece,  however  great  the  focal 
length  of  the  objective  might  be.  On  the  other  hand,  it  is  shown 
that  every  advance  in  perfecting  the  objective,  with  regard  to  its 
dioptrical  functions,  must  enable  amplifications,  hitherto  attained  with 
sufficient  clearness  by  lenses  of  short  focal  length  only,  to  be  equally 
well  attained  by  lower  power  objectives. 

A  comparison  of  the  Microscope  of  the  present  day  with  those  which 
twenty,  thirty,  and  forty  years  ago  gave  the  best  performance,  shows 
the  steady  progress  which  optics  have  made  in  this  respect  Without 
doubt  it  is  of  the  greatest  interest  to  examine  what  prospects  there  are 
for  the  further  perfecting  of  optical  instruments  in  this  direction.  If 
the  opinion  previously  expressed  on  the  importance  of  aperture  and 
on  the  extreme  limit  of  microscopical  perception  is  right,  no  im- 
provement of  the  objectives  in  their  dioptrical  action  can  substan- 
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tially  enhance  the  performance  of  the  Microscope  in  the  whole ;  for, 
with  the  present  constitution  of  the  objective,  magnifying  powers  ftre 
attainable  with  which  the  smallest  detail  that  can  be  represented  is 
distinctly  risible  ;  the  progress  mU  merely  consist  in  obtaining  in  equal 
perfectiim  the  same  amplifications  that  we  now  have  at  eomwuind  &y 
means  of  relatively  lower  power  objectives.  Bnt  even  this  would  be  a 
matter  of  great  practical  importance  if  we  should  succeed  in  materially 
surpassing  the  present  performance,  so  that,  for  instance,  the  strongesl 
magnifying  power,  for  which  we  now  use  lenses  of  1  mm.  and  less  fooal 
length,  would  be  at  least  as  perfectly  obtained  with  objeciiTes  of  from 
3  to  4  mm.  Not  only  would  the  great  difficulties  be  removed,  which  are 
now  attendant  upon  work  with  high  magnifying  powers,  in  conse- 
quence of  their  too  short  working  distance,  but  it  would  be  no  less  an 
advantage  that  every  objective  would  o£fer  a  greater  latitude  for  useful 
magnifying  power.  Even  with  regard  to  purely  optical  perfection,  the 
production  of  higher  magnifying  powers  by  stronger  eye-pieces,  instead 
of  stronger  objectives,  would  be  a  decided  gain,  by  lessening  certain 
faults  in  the  image  which  impair  its  clearness  outside  the  axis.  The 
aberrations  outside  the  axis  (erroneously  attributed  to  the  convexity 
of  the  field^  which  in  objectives  of  large  aperture  are  always  but 
very  impertectly  corrected,  vary  for  the  most  part  with  the  square  of 
the  distance  from  the  axis,  for  which  reason  their  obnoxious  influence 
will,  with  the  employment  of  stronger  eye-pieces,  diminish  moxe 
quickly  than  the  magnifying  power  increases.  Possible  apprehensions 
of  other  drawbacks  which  might  attend  the  use  of  stronger  eye-pieces 
are  groundless,  for,  if  it  should  become  necessary,  combinations  of 
lenses  could  be  constructed,  by  which  any  high  magnifying  power 
that  may  be  desired  could  be  as  conveniently  obtained  as  wiUi  the 
present  eye-pieces. 

In  judging  of  the  ways  and  means  which  are  open,  according  to  this 
view,  for  the  perfecting  of  the  Microscope,  we  must  consider  the  various 
sources  of  error  which  spring  from  its  deficiencies. — At  the  present 
day  an  extraordinary  perfection  is  attainable  in  the  technical  accom-* 
plishment  of  objectives.  With  technical  aptitude  and  a  rational  method 
of  work  we  can  correctly  produce  given  curves,  even  in  very  small 
lenses,  up  to  a  few  thousandths  of  the  radius.  The  irregular  deviations 
of  the  surface  from  a  strictly  spherical  form,  however,  can  be  restricted, 
when  necessary,  in  their  absolute  quantity  to  small  fractions  of  the 
wave-lengths  and  the  centering  of  the  separate  surfiEtces  can  be  exactly 
executed  with  exceedingly  small  deviations.  With  the  exception, 
perhaps,  of  the  strongest  objectives,  which,  in  consequence  of  their 
very  small  dimensions,  allow  of  only  uncertain  means  of  measuring 
and  proving,  we  can  see  the  unavoidable  errors  diminishing  almost  to 
the  vanishing  point.  The  actual  imperfections  which  are  seen  in  the 
dioptrical  working  of  the  Microscope  of  the  present  time  must  chiefly 
be  referred,  therefore,  to  the  imperfect  correction  of  the  aberrations. 

The  study  of  the  conditions  which  must  be  fulfilled  for  the  perfect 
correction  of  the  chromatic  and  spherical  aberrations  in  an  objective 
shows  two  drawbacks  not  to  be  overcome  by  the  practical  optics  of  the 
day. 


ZOOLOaY  AND  BOTAinT*  HIOBOSOOPT,  BTa  297 

One  arises  from  the  unequal  course  of  the  dispersion  in  crown- 
glass  and  flint-glass,  in  oonsequenoe  of  which  it  is  impossible  with  the 
present  kinds  of  glass,  to  unite  perfectly  all  the  coloured  rays  in  the 
image.  In  the  best  combinations  of  lenses  which  can  be  made,  there 
is  always  therefore  a  considerable  secondary  chromatio  aberration  in 
the  image  which  impairs  its  clearness. 

The  second  still  greater  hindrance  is  the  inequality  of  the  spherical 
aberration  of  an  objective  for  light  of  different  colours,  and  the  im- 
possibility of  compensating  this  inequality  with  our  present  resources. 
It  is  not  difficult  even  with  a  large  aperture  (using  light  of  one  par- 
ticular degree  of  refrangibility)  to  remore  perfectly,  practically 
speaking,  the  spherical  aberration,  at  least  in  the  axis,  so  that  the 
objective,  with  monochromatic  light  of  this  fixed  colour,  will  give  an 
almost  perfect  union  of  the  rays;  the  system  is  however  under- 
corrected  for  the  less  refrangible  rays,  and  over-corrected  for  the 
stronger.  The  larger  the  aperture  of  an  objective,  the  greater  of  course 
will  be  the  residuaJ  aberration  which  originates  in  this  difference  of 
the  spherical  correction  for  the  various  colours.  Their  effect  appears 
in  the  form  of  a  characteristic  diversity  which  the  chromatic  correction 
of  the  objective  shows  for  the  different  zones  of  the  free  aperture,  an 
objective  which  possesses  the  most  perfect  possible  chromatic  cor- 
rection for  the  central  rays,  and  gives  the  most  favourable  images 
with  direct  illumination,  being  more  or  less  strongly  over-corrected 
chromatically  for  the  peripheral  rays,  and  with  oblique  illumination 
shows  the  outline  of  the  object  with  distinct  chromatio  fringes,  and 
conversely.  In  objectives  of  moderate  aperture,  perhaps  up  to  40^ 
or  50°,  we  may  restrict  the  detrimental  effect  of  tlus  chromatio 
difference  of  the  spherical  aberration,  by  dividing  the  refractions 
over  a  greater  number  of  separate  lenses  than  would  be  otherwise 
required  by  the  aperture.  English  and  American  opticians  have  in 
this  way  constructed  weak  objectives  of  from  80  .to  20  mm.  focal 
length,  which  give  a  more  perfect  union  of  the  rays  than  the  corre- 
sponding more  simply  constructed  lenses  in  use  on  the  Oontinent, 
and  which  allow  of  a  much  higher  magnifying  power  by  means  of 
draw-tube  and  eye-piece.  The  above-mentioned  class  of  aberrations 
offer,  however,  an  insurmountable  difficulty  in  the  case  of  the  large 
apertures  of  dry  and  immersion  objectives.  The  impossibility  of 
removing  them  entirely  with  the  present  resources  must  be  un- 
questionably considered  the  greatest  difficulty  which  has  hitherto 
hindered  a  more  perfect  action  of  the  objective,  with  regard  to  its 
dioptrical  working. 

It  is  not  difficult  to  define  the  cause  from  which  this  defect 
springs.  The  impossibility  of  removing  the  chromatic  difference  of 
spherical  aberration,  originates  in  the  fact  that  with  the  existing  kinds 
of  glass  (crown-glass  and  flint-glass),  the  dispersion  increases  with  the 
mean  refractive  index  in  such  a  manner  that  greater  dispersion  always 
accompanies  the  higher  index  ^with  very  slight  deviations)  and  con- 
versely. The  aberrations  could  be  compensated  for,  or  at  least 
nearly  so,  if  there  were  materials  applicable  to  optical  purposes,  by 
which  a  relatively  smaller  refractive  index  could  be  united  with 
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higher  dispenive  power,  or  a  higher  refraotiye  index  with  a  lelatiTely 
lower  dispersiye  power.  It  would  then  be  possible  by  proper  com- 
bination  of  such  materials  with  the  usual  crown  and  flint  glass,  to 
partly  remove  the  chromatic  and  spherical  aberrations,  independently 
of  oach  other,  and  thus  fulfil  the  essential  conditions  on  which  the 
removal  of  the  chromatic  di£ferenoe  depends. 

As  the  defects  of  the  present  objectives,  in  regard  to  the  chromatio 
as  well  as  the  spherical  aberration,  originate  in  the  optical  propertiea 
of  the  substances  on  which  the  optical  art  of  the  day  is  based, 
the  further  perfecting  of  the  Microscope  in  its  dioptrical  working,  is 
therefore  chiefly  dependent  on  the  progress  of  the  art  of  glass-makings 
and  will  in  particular  require,  that  new  hinds  ofglan  thould  hepro' 
duced,  which  admit  of  a  better  correction  of  the  so-^aUed  secondary 
spectrum  and  which  show  a  different  relation  of  the  refrctetive  to  the  dt*- 
persive  power  than  cU  present  has  been  Obtained, 

The  hope  that  such  claims  can  be  satisfied,  in  the  more  or  leas 
distant  future,  and  tbe  way  opened  for  a  substantial  perfecting  of 
the  Microscope,  as  well  as  of  the  other  optical  instruments,  rests  on 
thoroughly  established  facts.  The  mode  in  which,  in  the  kinds  of 
glass  now  used,  the  indications  of  refraction  and  of  chromatio  dis- 
persion appear,  need  not  be  considered  as  a  natural  necessity.  For 
a  sufficient  number  of  diflerent  transparent  substances  may  be  chosen 
from  amongst  natural  minerals  and  out  of  the  many  artificially 
formed  chemical  compounds,  which  oflur  essentially  different  properties 
as  regards  their  refraction  and  chromatic  dispersion,  only  that  in 
other  respects  they  are  not  adapted  for  optical  use.  Experiments  for 
the  manufacture  of  glass  with  loss  secondary  dispersion,  which  were 
undertaken  several  years  ago  in  England,  with  the  oo-operation 
of  Prof.  Stokes,  although  they  were  without  practical  result,  gave 
noteworthy  suggestions  on  tbe  specific  effect  of  certain  basea  and  acids 
on  the  refractive  properties.  The  uniformity  which  the  present  kinds 
of  glass  show  in  their  optical  properties,  is  to  be  attributed  to  the  fact 
that  the  glass  factories  have  hitherto  used  only  a  small  number  of 
materials,  scarcely  any  other  than  aluminium  and  thallium,  besides 
silica,  alkali,  lime,  and  lead,  and  we  might  reckon  with  some  confidence 
on  a  greater  variety  of  production,  if  only  the  glass  manufacturers,  led 
by  methodical  study  of  the  optical  properties  of  various  chemical 
elements  in  their  combinations,  would  leave  that  very  limited  field. 

Unfortunately  there  seems  little  hope  under  present  circumstanoeB 
of  any  important  advance  in  this  direction  in  the  immediate  futore. 
The  present  prospect,  on  the  contrary,  indicates  a  state  of  affibirs  which 
endangers  many  scientific  interests.  The  manufacture  of  optical 
glass  has  been  for  a  long  time  not  far  removed  from  a  kind  of 
monopoly ;  at  least  the  art  is  in  the  hands  of  so  few,  that  competition 
is  out  of  the  question.  Since  Daguet's  glass-works  were  closed,  there 
are  now  only  two  such  institutions,  which  supply  the  general 
demand,  while  the  third,  founded  by  Utzschneider  and  Fraunhofer^- 
the  only  one  in  Germany — has  remained  exclusively  in  the  service  of 
one  optical  workshop.  It  must,  it  is  true,  be  admitted  that  this  art 
has  made  very  important  progress  in  many  respects  during  the  last 
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Unity  years.  Not  only  are  the  present  kinds  of  crown  and  flint  glass 
produced  in  formerly  nnattained  perfection,  as  regards  purity,  homo- 
geneity, and  freedom  from  colour,  but  the  whole  series  of  optical  glass 
has  been  widely  extended  in  one  direction  by  the  manufacture  of  flint 
glass  which  considerably  surpasses  the  previous  kinds  in  high  re- 
fractive power  and  dispersion.  This  progress,  however,  is  all  in  the 
direction  of  inherited  tradition.  The  art  of  glass-making  has  not 
apparently  started  on  a  fresh  path,  to  enrich  practical  optics  with 
new  materials,  and  from  the  lack  of  earnest  competition,  the  business 
interests  of  the  proprietors  of  this  manufacture  do  not  offer  any  special 
incentive  to  the  pursuit  of  ends  which  do  not  promise  them  assured 
advantages.  Further,  let  us  reflect  how  dangerous  it  is,  that  a  branch 
of  industry  so  important  and  so  indispensable  to  many  sciences  should 
be  in  the  hands  of  the  few,  so  to  speak,  for  under  these  circumstances 
unfortunate  coincidences  might  threaten  its  continuance,  and  occasion 
a  serious  calamity.  It  is  therefore  a  vital  question  for  optical  and 
other  sciences  interested  therein,  that  in  the  future  more  forces  should 
be  gathered  into  the  field,  and  that  a  keener  competition  should  call 
forth  stronger  incentives  to  progress. 

We  can  scarcely  suppose  that  private  initiative  will  suffice  to 
supply  this  need  without  a  strong  external  impulse.  Undertakings 
of  this  kind  are  attended  with  so  much  difficulty  and  necessitate  so 
large  an  outlay  for  results,  which  even  under  favourable  circumstances, 
are  so  remote,  that  they  can  have  little  attraction  even  for  enter- 
prising people.  A  great  rise  in  the  industry  in  question  can  scarcely 
be  expected  unless  funds  are  freely  granted  for  its  furtherance  by 
Corporations  or  the  State.  The  field  is  open  here  for  learned 
societies  which  are  in  a  position  to  offer  material  help  towards  the 
needs  of  science,  to  perform  a  most  beneficial  and  worthy  task.  For 
great  and  various  interests  are  dependent  on  the  increasing  efficacious- 
ness and  progress  of  the  glass-manufacture.  It  is  not,  by  any  means, 
the  Microscope  alone  which  is  here  considered,  but  all  arts  and 
sciences  dependent  on  the  use  of  optical  resources. 

A  retrospect  of  the  last  portion  of  this  discussion  on  the  ways 
and  means  of  perfecting  the  Microscope  in  the  future,  shows  a  more 
favourable  prospect  than  the  earlier  considerations.  As  regards  that 
part  of  the  performance  of  the  Microscope  which  touches  the 
dioptrical  functions  of  the  objectives,  an  increasing  improvement  of 
the  instrument  in  important  points  may  be  expected  in  the  future. 
The  difficulties  which  at  present  oppose  further  progress  in  this 
respect,  and  will  perhaps  long  continue  to  do  so,  need  not  in  any  way 
be  considered  as  insurmountable.  This  is  the  proper  field  in  whi<^ 
optical  art  may  hope  to  attain  further  results.  The  question  of  the 
best  adapted  and  most  advantageous  means  of  solving  the  difficulty 
under  consideration  is  certainly  not  exhausted  either  as  regards  theo- 
retical optics,  or  those  practical  arts  which  co-operate  in  the  work 
of  opticians.  Theory  may,  in  time,  by  a  deeper  insight  into  optical 
problems,  point  out  new  methods  of  removing,  more  e£fectually  than  at 
present,  the  chromatic  dispersion  and  spherical  aberration  in  objectives ; 
practical  optics  may,  by  the  perfecting  and  refining  of  the  method  of 
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work,  render  poMible  a  still  greater  eiaotneai  of  the  mathematiciJ 
forms  which  theory  seeks  to  realise,  and  the  art  of  glass  making  may  id 
the  future  produce  new  materials  instead  of  tiiose  now  need,  whieh,  in 
their  optical  properties,  may  offer  more  fiivonrable  conditions  for  the 
oonstmction  of  perfect  objectiTes  than  onr  present  carown  and  flini* 
glass.  Donbtless  united  efforts  in  this  direction  will  result  in  a  con- 
tinual progress  towards  perfection  of  construction,  which  will  faring 
great  benefits  to  the  scientific  application  of  the  Microeoope^  if  even 
it  does  not  increase  the  absolute  capacity  of  perldrmanoe  of  the 
instrument. 

In  this  direction  lie  the  ends  attainable.  Sffiorts  grounded  on  a 
fundamentally  difforent  aspect  of  the  question  will  be  thwarted  in 
the  future,  as  in  the  past,  by  the  barriers  which  nature  opposes  to 
human  illusions. 

Webb's  '  Optics  without  Kathematics.'  *— The  author  of  this  work 
makes  the  astoniBhing  statement  that  "  the  magnifying  power  of  the 
Microscope  is  more  frequently  given  in  superficial  measure  I "  though 
he  considers  that  "  it  is  better  for  our  purpose  to  reckon  it  in  the 
linear  form." 

BxiTioKi,  B. — ^Die  Anwendnng  der  Photographie  znr  Abbildimg  mikrotkopiioher 
Objeote.    (The  use  of  photography  for  representing  mioroeoopio  objects.) 
[Summary  of  recent  papera  on  the  sobject  by  T.  0.  White,  W.  H.  Walmsley, 
Q.  J.  Johnson,  B.  Hitchcock,  G.  Ki&r,  ftoj 

Zeit9Ghr,  /.  Win.  Mikr.,  L  OB84)  pp.  109-13. 
BoTTKBiLL,  G. — ^Protoplasm.     (Presidential  Address  to  the  Liveipool  Biioro- 
soopical  Society.) 

Micr,  News,  TV.  (1884)  pp.  57-68. 

Bbadbubt,  W. — The  Achromatic  Object-glass,  XXX.      

Engl.  Mech.,  XXXVm.  (1884)  pp.  485-7. 
„  „  „  ft  XXXI.    Littrow's  Formnln. 

Engl,  Meek.,  XXXIX.  (1884)  pp.  6-7. 
«  Brass  and  Glass."  A  night  with.  *^^ 

[Report  of  Meeting  of  Western  liicrosoopical  Glnb.] 

Engl.  MecK,  XXXYIIL  (1884)  pp.  5ia-4. 
BiTLLOCH,  W.  H. — The  Congress  Nose-piece. 

[Reply  to  A.  MoCalla  infra,  agreeing  that  he  suggested  the  idea,  «*  but  it  is 
one  thing  to  suggest  an  idea  and  another  to  put  it  intojpractical  shape."] 

Amer.  Mon.  Micr.  Joum.,  V.  (1884)  pp.  58-9. 
O.,  J.  B. — New  Eye-piece  Micrometer.    [Pos^.] 

Amcr.  Hon.  Mior.  Jowm.,  V.  (1884)  p.  52. 


D.,  B^  T. — Graphic  Microscopy. 
"Eyes  or  -tj 
ILL  Palate  of  Limpet 


11.  Eyes  of  Epeira  conioa.  j 


8oi,-OoMp,  1884,  pp.  25-6  (1  pL) ;  pp.  49-50  (1  pi.). 
Dallinger's  (Rev.  W.  H.)  Nomination  to  the  Chidr  of  the  Society. 

Joum.  of  Science,  VI.  (1884)  p.  118, 
DiFPXL,  L. — Mikrograpbische  Mittheilungen.    (Microscopical  Notes.) 

[(1)  The  formula  for  a  on  p.  812  of  his  *  Handbook  of  General  Micro- 
scopy.' (2)  Remarks  on  some  test-objects  of  the  genus  Orammatophora.  (8) 
Correction-adjustment  with  homogeneous  immersion  objectives.]    [PoetJ] 

Zeitschr,  /.  Wise,  Mikr.,  L  f  1884)  pp.  28-38  (1  flg.X 
Ediion  Electric  Lamp,  Homologous  sections  and  molecules. 

Micr.  Bull,  L  (1884)  p.  14. 

*  See  Bibliography,  infra,  p.  808. 
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Enoelmamh,  T.  W. — ^Das  Mikrospeotral-photometer,  ein  Apparat  znr  qnantitatiTea 
Mikrospectralanalyse.      (The   microroectral   photometer,  aa  apparatus    for 
quantitative  microepectral  analysis.)  iPost']  Bot  Ztg.^  XLIL  (1884)  pp.  81-8. 
Fawobtt,  J.  E. — Photomicrog^raphy. 

[An  ordinary  camera  can  be  used.]  Micr.  KewSy  TV,  (1884)  pp.  52-8. 

Fkcssnce,  E. — Ueber  die  Prismen  zar  rularisation  dea  Liobtea.    (On  priama  for 
the  polarisation  of  light)    \PosU\ 

Zeitschr.f,  In$immentenJt.,  lY.  (1884)  pp.  41-50  (8  figs). 

.  Nature^  XXIX.  (1884)  pp.  514-7  (8  figs.). 

Flbsoh,  M. — Ueber  einen  heizbaren,  an  scbnellem  Weohsel  der  Tempemtnr 

geeigneten  Objeottisoh.    (On  a  iiot  stage  for  a  rapid  change  of  temperature.) 

lFosU'\  Zeiiich,  /.  Wiss.  Mikr,,  I.  (1884)  ppi  83-8  (1  fig.). 

FRAHocrm,  P.— Description  d'une  Chambre-claire.    (Description  of  a  camera 
Inoida.)    IPoeQ 

BuU,  Soc,  Bdg.  Micr^  X.  (1884)  pp.  77-9. 

Gauss  on  the  Object-glass.    See  Mellor,  T.  K. 

GiLTAT,  E. — Theorie  der  Wirkung  und  des  Gebrauches  der  Oamera  Ludda. 
(Theory  of  the  action  and  use  of  the  camera  luoida.)    [Po^.] 

Ztitschr,/,  Wi89,  Mikr.  (1884)  pp.  1-23  (10  figs.). 
Gbukow,  J. — The  Abbe  lUumiuator. 

[InstructioQS  for  using  this  illuminator  as  constructed  by  him.] 

Amer.  Hon,  Micr,  Joum.,  V.  (1884)  pp.  22-3. 
Herbiok,  S.  B. — The  Wonders  of  Plant  Life  under  the  Microecope.    248  pp.  and 

85  figs.     16mo,  New  York,  1883. 
HiTGHOooK,  B. — The  Standard  Micrometer  of  the  American  Society  of  Micro- 
soopists.  [Of.  suproy  p.' 287.]  Amer,  Men,  Micr,  Joum,,  V.  (1884)  pp.  34-5. 

„  „      "  Our  Advertisers." 

[Brief  notices  of  various  American  opticians.] 

Atner,  Man,  Micr,  Joum,^  V.  (1884)  pp.  56-7. 
„  n     Giant  Electric  Microscope. 

[Notes  as  to  the  .absence  of  novelty  and  the  unsteadiness  of  the  light] 

Amer,  Mon,  Micr,  Joum.^  V.  (1884)  p.  57. 
HuBD  (F.)  Portable  Microscope. 

[Statement  only  of  **  a  design  which  he  believes  will  prove  satisfactory,'* 
packing  5  x  2|  x  1}  in.] 

Amer,  Mon.  Micr,  Joum.^  V.  (1884)  pp.  37-8. 
Jonmal  of  the  Boyal  Microscopical  Society,  Vol.  IIL 

[Review.]  Jowm,  of  Science^  VI,  (1884)  pp.  106-7. 

JuLTEN,  A. — Immersion  Apparatus. 

[Title  only  of  paper  read  at  meeting  of  Society  of  Naturalists  of  the  Eastern 
United  States.] 

Amer,  Nat,,  XYIIL  (1884)  p.  224. 
EIabop,  G.  C. — Table  for  Microscopical  Purposes. 

[Soft  white  wood,  2  ft.  9  in.  long,  1  ft.  6  in.  wide,  and  2  ft.  3  in.  high.  No 
cross-bar  to  the  legs  in  front.  Top  1  in.  thick,  **  so  that  at  any  time  it 
may  be  planed  afresh  if  discoloured  or  eroded  by  acids."  On  each  side 
in  front  is  a  sliding  board  to  serve  as  an  arm-rest,  6  in.  wide  and  15  in. 
apart.  A  piece  of  plate  glass  7  in.  x  6  in.  let  in  the  top  over  a  piece  of 
white  paper  or  card.  Half  the  glass  blackened  behind,  and  on  tbe  card 
opposite  the  other  half  is  marked  a  3  x  1  space,  with  centering  lines, 
microscopical  measurements,  magnifying  powers,  &c.] 

Jo»tm.  Q'leA,  Micr,  Club,  I.  (1884)  pp.  312-3  (1  fig.). 
KiTTON,  F.— Drawing  with  tbe  Microscope. 

[Objects  to  E.  Holmes'  suggestion  of  placing  the  slide  cover  downwards 
(ante,  p.  146)  that  **  the  upper  and  under  surfaces  of  an  object  are  not  aa 
a  rule  alike ;  a  further  objection  is  that  all  powers  exceeding  4/10  could 
not  work  through  an  ordinary  slide."  Gives  the  Wollaston  camera  the 
preference  over  all  others  tried.] 

8ci,'Oouip,  1884,  pp.  41. 

Ehaukb,  F.— Das  Bilkroskop  und  seine  Anwendune.    (The  Microscope  and 

iU  use.  ^  Naiwhittonker^  V.  (1883)  pp.  525-7  (coiiol.> 
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Maixlakd. — Substiiote  for  a  BefoWing  Table. 

[Highly  lacquered  Japanese  tray,  20  in.  x  12  in.] 

Jaum.  Quek,  Mier,  CM,  L  (1884)  p.  323. 
BIatthkws,  J. — Revolving  Table. 

[i4fi<«,  p.  147.]  J(mm.  Qaek  Mkr.  Oub,  L  (1884)  p.  319. 

McCalul,  a. — The  **  CongreM  '*  Noee-piece. 

[Claims  to  be  the  original  inventor  and  not  W.  BL  Bolloch.] 

Amer,  Men.  Micr.  Joum.,  Y.  (1884)  pp.  38  9. 

„  ^       **  Give  credit  to  whom  credit  is  dne."    [Same  subject] 

The  Mkrotccpe,  IV.  (1884)  pp.  30-3. 
Mellob,  T.  K. —  Gauss  on  the  Object-glass. 

Engl.  Afech.,  XXXIX.  (1884)  pp.  56-7. 
Michael,  A.  D. — Polarization  of  light  by  a  concave  mirror  of  opal  glus,  or  a 
piece  of  white  chiniu  J<mm,  Q^k.  Mkr.  Ctub,  L  (1884)  pp.  323-4. 

^  Microsoopists  "  and  the  position  of  the  Microscope. 

[**  The  statement  is  often  mode  that  the  Microscope  owes  its  present  approxi- 
mation to  perfection,  aiid  microscopical  methods  their  extensive  dievelop- 
raent,  to  *'  mioruscopists,"  that  term  being  applied  to  those  who  consider 
the  Microscope  ns  an  end,  not  a  means,  and  whose  whole  use  of  the 
iustrament  is  confined  to  the  resolution  of  test-objects  and  tlie  study  of 
the  marking  of  diatoms.  Nothing  is  more  erroneous.  The  Miorosoope  is 
far  moru  iu  debt  to  the  biolog^t  who  uses  it  as  a  means  to  solve  some 
problem.  To  him  we  owe  all  our  methods  for  staining,  all  our  fiEusilitioB 
rur  section-cutting,  and  every  discovery  in  the  use  of  microchemioal 
reagents."] 

Science  Seoord,  U.  (1884)  p.  87. 
**  Monachus.'* — Microscopic  Test-Objects. 

[Reply  to  L.  Wright  and  £.  M.  Nelson,  infra.l 

Engl.  Mech.,  XXXVin.  (1884)  pp.  517  and  560. 

MooBK,  A.  Y. — Slide  of  Amphipleura  pellucida  mounted  in  a  medium  of  refractive 

index  2-3.     [Infra,  p.  319.J  Amer.  Mon.  Micr.  Joum.,  Y.  G884)  p.  37. 

,,  „        The  Parabola  as  au    Illuminator  for  Homogeneous- immersion 

Objectives.    [Post.^  The  Microscope,  IV.  (1884)  pp.  27-30  (1  fig.). 

NxLSOX,  E.  M. — Microscopic  Test-Objects. 

[tteply  to  (I)  "  Monachua,"  ante,  p.  Ul—supra,  p.  288 ;  (2)  T.  T.,  ante,  p.  148 ; 
and  (3)  L.  Wright  infra.'] 

Eiujl.  Mech.,  XXXYUI.  (1884)  pp.  516-7  (4  figs.). 
„  „        MuUer's  Probe-Platte. 

[Remarks  on  plates  mounted  iu  phosphorus,  monobromide,  balsam,  and  dry.] 

Engl.  Mech.,  XXXYIIL  (1881)  p.  540. 
„  „        Microscopic  Tcbt-Objects. 

[Further  in  reply  to  **  Monachus."] 

Efigl.  Mech.,  XXXYIH.  (1884)  p.  560  (4  figs.). 
„  „        On  the  Selection  and  Use  of  Microscopical  Apparatus. 

[R^sitme  of  **  demonstration  "  at  the  Quekett  Microscopical  Club.] 

Engl.  Mech.,  XXXIX.  (1884)  p.  48. 
Ollard,  J.  A. — Simple  form  of  Revolving  Table  made  out  of  two  mincing  boards. 
[Exhibition  only.] 

Joum.  Quek.  Micr.  Club,  I.  (1884)  p.  32a 
Pelletan,  J.— Le  Microscope  "  Oontinentul.'* 

[Warning  against  imitations !]  Joum.  de  Microgr.,  YIII.  (1884)  p.  121. 

Pendlebubt,  0. — Lenses  and  Systems  of  Lenses,  treated  after  the  manner  of 

Gauss.    95  pp.  and  24  figs.    8vo,  Cambridge,  1884. 
Penny,  W.  G.— Theory  of  the  Eye-piece.    IV.  Distortion  of  Curvature. 

Engl.  Mech.,  XXX YHL  (1884)  p.  497  (1  fig.). 

„  „  „  „  Y.  Summary  of  Formula — On  Further 

Approximations  for  the  Distortion,  and  General  Remarks — Proposed  Eye-piece. 

[**  The  first  lens  plano-concave,  the  second  plano-convex,  with  focal  length 

numerically  equal  to  that  of  the  first,  and  placed  at  a  distance  from  it 

equal  to  twice  the  focal  length  of  the  eye-lens,  the  curved  side  of  each  of 
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them  being  turned  towards  the  eye."  Proposed  to  be  called  *'  an  nndiB- 
torted  eye-pieoe,  not  because  the  distortion  is  absolutely  0,  but  beoause  it 
would  seem  to  be  much  smaller  than  that  of  those  in  use.*' 

Engl.  Mech.,  XXXVIU.  (1884)  p.  541. 
Physicians,  Microscopes  for. 

[Recommendation  of  Beck's  *  Economic.'] 

Cine.  Med,  News,  XVI.  (1883)  pp.  83^-4. 
•*  Prismatique." — Object-glass  working,  XI. 

EmjL  Mech.,  XXXIX.  (1884)  p.  24. 
Prize,  Questions  for  Examination  in  Competition  for  Bulloch  and  Grunow's. 

4to,  1  p.  (11th  February,  1884). 
[Seventeen  questions  on  optics,  lenses,  objectives,  camera  lucida,  magnifying 
powers,  diffraction,  and  mounting.    Open  to  any  student  in  the  senior 
class  for  five  years  of  the  Chicago  Medical  College.] 
Queen's  (J.  W.  &  Co.)  New  Spot-lens  Mounting.    [Po«<.J 

Micr,  Buii.y  I.  (1884)  p.  11  (3  figs.). 
BoOEBS,  W.  A. — Corrections  to  paper  on  the  '*  Conditions  of  success  in  the  con- 
struction and  the  comparison  of  standards  of  length." 

Proc.  Amer,  Soc.  After.,  6th  Ann.  Meeting  (1883)  pp.  240-1, 
BoHBBAOH,  C. — A  new  fluid  of  great  specific  gravity,  of  large  index  of  refraction, 
and  of  great  dispersion. 
[100  parts  of  iodide  of  barium  are  mixed  with  130  parts  of  scarlet  biniodide 
of  mercury.  About  200  cc.  of  distilled  water  are  added  to  the  powders, 
and  they  are  then  stirred  up  with  a  glass  rod  while  heated  in  a  test-tube 
plunged  into  an  oil  bath  previously  ^v^rmed  to  150°  or  200°  C.  A  fiuid 
double  iodide  of  mercury  and  barium  is  formed,  which  is  then  poured 
into  a  shallow  porcelain  dish  and  evaporated  down  until  it  acquires  a 
density  so  great  tliat  a  crystal  of  epidote  no  longer  sinks  in  it.  When 
cold  even  topaz  will  float  in  it.  It  is  then  filtered  through  glass-wool. 
TiiC  fluid  so  prepared  has  a  density  of  3 '575-3 '588,  boils  at  about  145°, 
and  is  of  a  yellow  colour.  Its  refractive  index  is  1*7755  for  the  C  line, 
and  1  *  8265  for  the  £  line  of  the  spectrum.  For  the  two  D  lines  of  sodium 
the  refractive  indices  are  1^7931  and  1  *7933  respectively.  So  g^eat  is  the 
dispersion  that,  using  a  single  hollow  prism  with  a  refracting  power  of 
60°,  the  dispersion  between  the  two  D  lines  is  almost  exactly  2'  of  an^le.] 

Amer.  Joum,  Sci.,  XXVI.  (1883)  p.  406. 
from  Ann.  Physik  u.  Chem,,  No.  9,  pp.  169-74. 
Skip,  A. — Address  to  the  Lehigh  Valley  Microscopical  Society. 
(On  the  value  of  the  Microscope.] 

Arner.  Man.  Mtcr.  Joum,,  Y,  (1884)  pp.  39-40. 
Slack,  H.  J. — Pleasant  Hours  with  the  Microscope. 
[Horizontal  position  of  Microscope.    Foat,"} 

Knowledge,  V.,  (1884)  pp.  109-10. 
Btoddeb,  C,  Death  of.  Micr.  Bull,,  I.  (1B84)  p.  9. 

Amer.  Mon,  Micr,  Joum.,  V.  (1884)  pp.  55-6. 
Stokes,  A.  W. — Simple  apparatus  for  aerating  living  fish  whilst  under  micro* 
scopical  observation.    {_i^upra^  p.  286.] 

Joum.  Quek.  Micr,  Club,  I.  (1884)  pp.  322-3  (2  figs.). 
Btowkll,  C.  H. — Gleaning  from  the  Joum.  R.M.S.  for  December. 

[Claims  for  Mr.  E.  H.  Gri£Bth  tlie  invention  of  a  Revolver  Microscope 
similar  to  Mirand's,  III.  (1883)  p.  897,  and  of  a  nose-piece  adapter  similar 
to  Matthews's,  ibid.,  p.  903.] 

The  Microscope,  IV.  (1884)  pp.  35-7. 
Stowell,  C.  H.  and  L.  B. — Proceedings  of  the  Ajnerican  Society. 
[Urging  earlier  publication.] 

Tke  Microscope,  IV.  (1884)  p.  39, 
Washington  Microscopical  Society,  formation  of. 

Amer.  Mon.  Micr,  Joum,,  V.  (1884)  p.  58. 
Wasssll,  H.  a. — Plate  Glass  for  Optical  work. 

Engl.  Mech,,  XXXIX.  (1884)  p.  57. 
WxBB,  T.  W. — Optics  without  Mathematics.     8vo,  London,  n.d.,  124  pp.  and  58 
figs.    [Microscope,  pp.  61-6, 107-8.    Supra,  p.  800.] 
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WicuTEED,  B.  J.— The  Hicrotoope;   its   hiitorj,  eoutniotiaii,    ntilltf   and 
iinprnveineDt. 
(Title  odIj  of  oommanioation  to  the  Ottawa  Microioopioal  Bodetj.] 

Science,  ITL  (1884)  p.  r. 
Wbiobt,  L.— Microscopic  Test-Objecta— Aperture  end  Beeolation. 
[Criticiim  of  **  Monaohus  "  and  E.  M.  Nelaon.l 

Engl.  MecfL,  XXXVIIL  (1884)  pp.  470-1  (2  figa.). 
„        „      Microtoopio  Testa. 
[Reply  to  "  Monachua  "  and  E.  HL  Nelaon.] 

EnjL  Meck^  XXXDL  (1884)  p.  84. 
Zentmayer'a  Noee-piece.    [Supra,  p.  285.] 

Amer,  Man,  Micr.  Jomm^  V.  (1884)  pp.  42-3  (1  fig,). 


0.  Collecting,  Moanting  and  Examining^  Objects,  Sbc 

Preparing  and  Monnting  Sections  of  Teeth  and  Bone.*  — 
J.  E.  Ady  explains  as  follows  what  he  terms  the  *'  laode  **  method  of 
occlusion. 

Ist.  Saw  a  piece  off  the  tooth  or  bone,  mb  it  flat  on  an  engineer's 
file,  polish  the  flat  surfiEUie  on  a  fine  hone,  Water-of-Ayr  stone  being 
preferable. 

2nd.  Fasten  the  section  on  to  a  piece  of  plate-glass,  1  in.  square, 
with  a  cement  made  by  melting  six  parts  of  "  button "  lac  with  one 
part  Venice  turpentine. 

drd.  File  the  section  down  moderately  thin,  and  then  rednce 
further  on  the  Wator-of-Ayr  stone,  examining  from  time  to  time  with 
the  Microscope. 

4th.  Soak  the  section  off  with  strong  methylated  spirit,  wash 
thoroughly  in  clean  spirit,  and  dry  between  tissue  paper. 

6th.  Make  a  thin  solution  of  white  shellac  in  methylated  spirit, 
filter,  and  keep  in  a  stoppered  bottle. 

The  section  is  to  be  dipped  in  this  solution,  drained,  and  laid  on 
a  cold  plate  under  a  bell-glass.  In  about  half  an  hour  it  will  be 
dry. 

6th.  Mount  in  cold  balsam  and  benzol  in  preference,  in  order 
to  avoid  heating  the  section,  as  that  would  give  it  a  tendency  to  curl ; 
but  as  the  melting  point  of  the  shellac  is  higher  than  that  of  the 
balsam,  the  latter  may  be  used  if  thought  desirable,  as  it  may  even  be 
caused  to  boil  without  affecting  the  shellac. 

Expanding  the  Blow-fly *8  Tongucf— C.  M.  Vorce  writes: — 
If  the  head  of  a  living  fly  be  cut  off,  the  tongue  will  usually 
retract ;  pressure  on  the  head  will  expand  the  tongue,  but  unless  it 
be  secured  by  some  means  before  the  pressure  on  the  head  is  released, 
it  is  apt  to  wholly  or  partly  retract  again.  K  only  the  tip  is  wanted, 
it  is  easily  secured  by  placing  the  severed  head  on  a  clean  slip  and 
pressing  it  with  a  neiedle  till  the  tongue  is  fully  expanded,  when  a 
drop  of  turpentine  is  applied,  a  cover  laid  on  the  tongue,  and  a  clip 
applied  before  the  pressure  is  removed  from  the  tongue.  To  secure 
the  whole  tongue,  split  one  end  of  a  small  stick  for  an  inch  or  so, 

♦  Journ.  Quek.  Micr.  Club,  i.  (1884)  p.  332. 
t  Amef.  Hon.  Micr.  Journ.,  v.  (1884)  p.  12. 
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and  holding  the  split  open  by  a  knife-blade,  place  the  severed  head 
in  the  cleft  with  the  top  downward,  and,  withdrawing  the  knife-blade, 
allow  the  stick  to  close  upon  the  head,  when  it  will  fully  distend  the 
tongue.  Now  dip  the  head  and  tongue  in  turpentine  and  leave  it 
immersed  for  a  few  days,  when  it  will  be  found  well  cleaned,  still 
perfectly  distended,  and  can  be  released  from  the  stick  or  cut  from 
the  head  without  danger  of  its  collapsing.  Mounted  in  a  cell  in 
balsam,  it  is  a  truly  beautiful  object. 

Perchloride  of  Iron  as  a  reagent  for  Preserving  Delicate 
Marine  Animals. — We  have  already  referred  (vol.  iii.  (1888)  p.  729) 
to  Dr.  H.  FoFs  objection  that  the  reagents  in  common  use  for  instan- 
taneous killing,  such  as  picro-sulphuric  acid,  osmic  acid  alone  or  in 
combination  with  chromic  and  acetic  acid,  and  eorrosive  sublimate, 
fail  to  give  successful  preparations,  and  noted  his  success  with  per- 
chloride of  iron.     He  now  adds  some  further  remarks  on  the  subject.* 

An  alcoholic  solution  diluted  to  about  2  per  cent,  will  answer 
ordinary  purposes,  but  a  stronger  solution  should  be  used  in  case  it 
is  desired  to  kill  a  large  number  of  animals  in  a  large  vessel.  It  will 
not  do,  however,  to  turn  a  saturated  solution  directly  into  sea  water, 
as  precipitates  would  be  copiously  formed  which  would  utterly  ruin 
the  preparations.  After  the  animals  have  sunk  to  the  bottom  of  the 
vessel,  most  of  the  water  may  be  turned  off,  and  70  per  cent,  alcohol 
added.  In  order  to  remove  from  the  tissues  the  ferric  salts  adhering 
to  them,  it  is  necessary  to  replace  this  alcohol  with  alcohol  containing 
a  few  drops  of  hydrochloric  acid. 

The  '*  fixation "  of  the  animals  in  an  expanded  life-like  form  is 
perfect,  and  the  action  of  the  dilute  acid  is  of  so  short  a  duration  that 
it  causes  no  injury  to  the  tissues.  Not  only  infusoria  and  Bhizopods, 
but  also  large  pelagic  animals,  such  as  Medusie,  Ctenbphora,  Sal  pes, 
Heteropods,  Doliolum^  &c.,  may  be  thus  killed  and  transferred  to 
alcohol,  with  their  form,  histological  structure,  and  cilia  perfectly 
preserved.  After  complete  removal  of  the  yellowish  colour  due  to 
the  presence  of  ferric  salts  by  washing  in  acidulated  alcohol,  the 
tissues  of  transparent  animals  remain  almost  free  from  cloudiness. 

The  best  method  of  staining  such  objects  is  to  add  a  few  drops  of 
gallic  acid  (1  per  cent,  solution)  to  the  alcohoL  After  twenty-four 
hours  the  alcohol  is  turned  off,  and  pure  alcohol  added.  Thus  treated, 
the  protoplasm  will  take  a  light-brown  colour,  the  nuclei  a  much 
deeper  brown.  Carmine  stains  too  deeply  and  di£[usely,  and  cannot 
be  successfully  removed. 

Action  of  Tannin  on  Infusoria. t — H.  Gilliatt,  struck  with  the 
remarkable  appearance  shown  in  Mr.  Waddington's  illustrations 
(vol.  iii.  (1883)  p.  185),  made  a  number  of  experiments  with  glycerole 
of  tannin,  as  described  by  him.  On  exposing  Paramecium  aurelia  to 
the  action  of  the  tannin,  he  found  the  effect  quite  as  startling  as 
described ;  the  animalcules,  as  the  acid  began  to  affect  them,  darted 

*  Zeitschr.  f.  Wiss.  Zool.,  xxxviii.  (1883)  pp.  491>2.    See  Amer.  Natural., 
XYui.  (1884)  pp.  218-9. 

t  Proc.  linn.  Soo.  N.  S.  Wales,  viiL  (1883)  pp.  383-6. 
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about  with  great  rapidity,  endeayooriDg  to  conceal  ihemaelTes  beneatii 
any  vegetable  matter  on  the  slip,  their  motions  gradually  growing 
slower ;  then  they  revolved  slowly  two  or  three  times.  A  sudden 
coutraction  of  thu  body  followed,  and  in  a  few  seconds  the  appearanoa 
shown  in  Mr.  Waddington's  illustrations. 

The  regularity  of  the  fine  transparent  aoicular  fringe  that  now 
surrounded  the  animalcule,  or  whether  it  was  completely  thrown  off, 
appeared  to  depend,  as  described  by  Mr.  Waddington,  on  the  strengih 
of  the  solution.  In  those  cases  where  the  appendages  were  separated 
fn)m  the  body,  it  was  not  unusual  to  find  a  few  spiral  shaped,  althon^ 
after  careful  comparison  the  majority  were  rod-like. 

After  examination  of  numerous  specimens  treated  with  the  acid, 
it  seemed  difficult  to  reconcile  cilia  of  such  length — in  some  cases 
exceeding  the  width  of  the  body — with  the  action  apparent  in  the 
ciliary  movomonts  of  the  living  animalcule.  But  while  observing  an 
example  imder  oblique  illumination,  Mr.  Gilliatt  was  struck  with  the 
appearance  of  fine  lines  across  it,  and  was  thus  reminded  of  the  rod- 
like bodies  or  trichocysts  so  fully  developed  beneath  the  cuticle  of 
P.  aurelia ;  and  after  referring  to  the  views  of  W.  S.  Kent,  Stein, 
Allman,  and  Ellis,  on  the  effects  produced  "on  the  trichocysts  by 
the  use  of  acetic  acid,  or  a  small  stalk  of  Geranium  zonale  (Horseshoe 
Geranium),  he  considers  that  it  may  be  *' fairly  concluded  that  the 
effects  observed  by  Mr.  Waddington  in  his  experiments  must  be 
attributed  to  the  action  of  tannic  acid  on  the  trichocysts  of  Parame^ 
cium  aurcUa,  and  not,  as  he  considers,  to  its  action  on  the  cilia.'* 

Professor  D.  S.  Eellicott  *  has  also  satisfied  himself  that  the  bodies 
arc  trichocysts.  Glycerole  of  tannin  acts  even  more  energetically 
than  acetic  acid,  and  is,  ho  considers,  sure  to  become  a  valuable 
reagent  in  the  study  of  infusoria.  By  applying  in  proper  dilution, 
the  infusorian  is  not  at  once  killed,  and  the  cilia  may  be  seen  yet  in 
motion,  with  the  trichocysts  extending  far  beyond  them. 

Another  writer  f  refers  to  "  the  hirsute  covering  of  Paramecium 
and  other  infusoria  shown  when  a  solution  of  quinine  is  added  to 
the  water  in  which  they  live,  although  the  cilia  are  quite  invisible 
when  the  animals  are  swimming  about  Quinine  may  prove  to  be  a 
valuable  reagent  for  killing  the  infusoria  and  rendering  their  cilia 
visible." 

Preparing  Fresh-water  Rhizopoda.} — In  fixing  the  living  animal, 
E.  J.  Taranek  uses  small  (8-10  cm.  long)  pieces  of  soft  red  blotting- 
paper  of  triangular  shape,  and,  in  order  to  draw  off  the  water  under 
the  cover-glass,  lays  a  piece  of  this  paper  upon  the  slide  in  such  wise 
that  the  point  of  it  reaches  the  edge  of  the  cover-glass,  and  comes  in 
contact  with  tho  water  beneath.  The  blotting-paper  immediately 
causes  a  current,  which,  however,  is  very  weak,  as  only  the  comer 
of  the  paper  is  active.  If  tho  current  is  strong,  so  that  the  animal 
begins  to  move  with  tho  water,  the  paper  must  be  removed ;  but  if 

♦  Bull.  Buffalo  Nat  Field  Club,  i.  (1883)  p.  110. 
t  Engl.  Mecb.,  xxxviii.  (1883). 

X  Abb.  matb.-naturwies.  CI.  K.  Bohm.  Oesell.  Wisa,  xi.  (1882)  Art  Na  8, 
iv.  and  56  pp.  (5  pis.).    See  also  supra^  p.  247. 
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ihe  current  is  weak,  which  can  be  well  regnlated  by  the  shape  of  the 
blotting-paper,  the  animal  keeps  its  position  unaltered ;  and  as  by 
the  absorption  of  the  water  the  cover-glass  exercises  greater  pressure 
upon  the  slide,  there  is  less  danger  of  losing  the  animal  from  the 
field.  Then  add  to  the  opposite  ^ge  of  the  cover-glass  by  means  of 
a  glass  rod  a  drop  of  1/2  per  cent,  osmic  acid,  which  immediately 
penetrates  to  and  kills  the  animal  without  altering  its  shape.  In  the 
same  way  are  added  to  the  preparation  the  different  alcohols,  15,  45, 
90,  up  to  100  per  cent,  whereby  the  animal  obtains  the  required 
hardness.  Then  follows  the  staining  with  picro-carmine  or  methyl 
green  (which  have  proved  to  be  the  best  for  Protozoa).  In  the  same 
manner,  after  5-7  minutes  the  stream  of  colour  is  replaced  by  weak 
alcohol  (50-30  per  cent.),  when  the  whole  preparation  is  complete. 

This  method  is  very  simple  and  very  quick,  the  whole  manipulation 
lasting  7-12  minutes,  so  that  the  preparation  is  finished  in  a  quarter 
of  an  hour.  Care  must  be  taken  to  have  the  object  always  in  sight, 
and  not  to  keep  up  too  strong  a  current. 

The  stained  object  can  be  well  examined  in  the  weak  alcohol,  and, 
if  the  blotting  paper  is  removed,  can  be  kept  whole  hours  in  it  The 
manipulation  is  well  adapted  for  drawing  with  the  camera;  but  to 
make  a  permanent  preparation,  it  must  be  treated  with  a  clearing 
fluid,  glycerine,  oil  of  cloves,  &c.,  and  finally  with  Canada  balsam, 
which,  dissolved  in  benzine,  is  quite  thin  and  liquid.  The  applica- 
tion of  the  clearing  fluids  is  the  chief  difficulty  in  the  preparation, 
because  the  absolute  alcohol  flows  through  quicker  than  the  liquids 
which  follow,  which  gives  rise  to  small  air-bubbles  between  the  two 
liquids.  "  It  is,  of  course,  obvious  that  the  preparations  often  do  not 
oome  up  to  the  requirements  of  our  day,  especially  as  regards  beauty. 
For,  beside  the  objects  prepared,  there  are  a  number  of  algsB,  infusoria, 
mud,  (fee.,  in  the  preparations,  by  which  they  are  made  more  or  less 
dirty." 

Arranging  Diatoms.* — E.  H.  Griffith  thinks  that  those  who  ¥nsh 
to  arrange  diatoms  will  find  the  following  of  great  assistance : — 

With  a  pipette  place  the  diatoms  on  a  film  of  mica,  as  the  mica  is 
Tery  thin,  and  when  mounted  can  instantly  be  heated  to  an  intense 
heat  over  an  alcohol  lamp.  With  a  pair  of  scissors  cut  small  strips 
from  the  best  part  of  the  diatom  field  of  mica,  moisten  the  mica  on 
the  other  side  and  lay  it  on  the  prepared  slide  near  the  centre  of  the 
slip  to  be  used,  or  if  the  diatoms  are  to  be  mounted  on  a  cover-glass, 
place  the  strip  near  it,  and  with  a  pen  make  a  delicate  dot  of  ink  on 
the  under  side  of  the  slide  to  mark  the  place  for  placing  the  diatom. 
From  the  mica  the  diatoms  can  be  very  easily  picked,  while  from  the 
glass  sometimes  it  is  almost  impossible  to  pick  them.  Several  strips 
of  mica  may  be  placed  side  by  side  with  different  kinds  of  diatoms  if 
desired. 

Instead  of  putting  the  diatoms  on  a  cover-glass  and  the  cover- 
glass  on  a  metal  strip,  in  order  that  organic  matter  may  be  burned 
away  over  a  spirit-lamp,  put  them  with  a  pipette  on  the  end  of  a  thin 

*  The  Microfloope,  ill.  (1883)  pp.  2(MM. 
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strip  of  mioa  uid  ihen  bom  them,  EToiding  the  great  annoyaiioe  of 
baTing  a  ooyer-glase,  diatoms  and  all,  slide  or  flj  off.  llie  mioa 
boing  thin  and  a  poor  conductor  of  heat,  the  end  maj  be  brought  to  a 
rod  heat  almost  instantly.  Now  plaoe  a  glass  slip  on  the  tomtable^ 
and  make  a  dot  or  a  small  circle  in  the  centre  as  a  gnide  for  placing 
tho  diatoms.  Tom  the  marked  side  down,  and  with  gelatine  or  other 
material  siae  the  spot  over  the  dot  or  circle ;  then  with  acissors  eat 
from  the  film  of  mica  a  small  piece  from  the  best  part  of  the  diatom 
field,  moisten  the  other  side  and  lay  it  on  the  glass  slide  near  the 
marked  centre.  A  crescent-shaped  piece  may  be  cnt,  if  desired,  that 
may  extend  partially  around  the  marked  spot.  The  mica  being  thin, 
the  focus  of  low  powers  need  not  be  changed  while  transferring  the 
diatoms  from  the  mica  to  the  slide,  and  one  trial  will  demimstrate 
that  it  is  much  easier  to  pick  from  mica  than  from  glass ;  also  that 
there  is  less  danger  of  having  the  mica  fall  from  the  slide  while  «t 
work.  Those  who  desire  to  make  the  arrangement  on  a  coTer-glass 
can  do  so  by  placing  a  cover  over  the  marked  centre,  sizing  it,  and 
then  transferring  to  the  coyer  instead  of  to  the  slide. 

Mounting  Diatoms  in  Series.* — P.  Francotte  uses  Threlfall's 
method  t  for  arranging  diatoms  in  series.  The  solution  of  caoutchouc 
being  poured  upon  the  slide,  the  benzine  evaporates,  and  the  diatoms 
are  arranged  ;  it  is  then  slightly  heated,  and  the  diatoms  sink  into  the 
layer  of  caoutchouc,  where  they  remain  definitively  fixed,  and  can  be 
covered  with  a  thin  glass  coated  with  balsam. 

Synoptical  Preparation  of  Pulverulent  Objects  (Diatoms  from 
Ouano,  Fossil  Earths,  &c.).  X  —  P.  Barr6  describes  as  follows  his 
process  of  making  these  preparations,  which  enable  specimens  of  dif- 
ferent pulverulent  objects  to  be  compared. 

After  covering  one  of  the  surfaces  of  a  cover-glass  with  balsam 
in  the  manner  described  for  arranging  diatoms,  §  and  heating  it  until 
the  hardened  balsam  no  longer  contains  any  trace  of  chloroform,  the 
cover-glass  is  placed  in  the  instrument  fig.  42,  A.  a  is  a  plate  of 
brass,  *  76  mm.  in  thickness,  ft  is  a  strip  of  steel,  fixed  at  e  to  the 
plate  a,  and  to  which  is  riveted  another  brass  plate  c.  To  the  latter 
are  soldered  nine  copper  tubes,  made  as  thin  as  possible  (1/5  or 
1/6  mm.)  These  tubes  pass  through  the  plate  c,  and  project  about 
1  mm.  from  its  under  surface.  The  tubes  are  of  exactly  the  same 
length,  so  that  the  cover-glass,  covered  with  hardened  bidsam,  meets 
all  the  nine  tubes  at  once. 

The  plate  a  has  a  rectangular  aperture  d  (indicated  by  dotted 
lines),  and  exactly  opposite  to  the  orifices  of  the  nine  tubes  in  the 
plate  c. 

The  cover-glass  is  placed  between  a  and  the  tubes,  the  surface 
covered  with  bcdsam  being  in  contact  with  the  nine  tubes. 

This  operation  complete,  a  copper  or  steel  wire,  or  even  simply  an 

♦  Bull.  8oo.  Belg.  Micr.,  x.  (1884)  p.  65. 

t  See  this  Journal,  ill.  (1883)  p.  600. 

t  BuU.  Soc.  Belg.  Mior.,  x.  (1883)  pp.  16-18  (1  pL). 

§  See  this  Journal,  111(1883)  p.  i58  (1  pL). 
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ordinary  pin,  is  introdnced  transverselj  between  the  lower  smfiue  of 

the  ooTer-glasB  and  the  eqnare  opening  (fig.  42,  B).     ThiB  caasee  the 

oover-glass  to  rest  with  eqoal  pressare  on  all  the  nine  tnbee  at  onoe. 

Thus  prepared,  the  glass,  fixed  in  the  instrument,  ia  exposed  to 


Ibe  heat  of  a  Bpirit-lamp.  The  balsam  is  again  liquefied,  the  ex- 
tiemity  of  the  tnbee  in  oontaot  with  it  beoonte  attached,  and  it  is  then 
allowed  to  oool. 

The  Tarieties  of  powder  containing  diatoms  aie  then  introdnced 
into  the  tubes  by  means  of  a  qnill,  and  spread  bj  a  fine  and  very  soft 
brneh  on  the  inner  snrface  of  each  tnbe.  The  operation  should 
be  performed  very  oarefnlly,  so  as  not  to  allow  particles  of  powder  to 
flail  into  the  adjoining  tubes.  The  glass  is  again  heated,  and  the 
diatoms  adhere  to  the  softened  baltnm  in  all  the  tubes  at  onoe— 
ftfter  which  it  is  again  allowed  to  oool.  Then,  hj  raisiug  the 
■priog  b,  the  coTer^lasB  is  oarefollj  loosened,   sad  cm  th^   be 
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dotacbed  with  a  slight  preflsnre.  Tlie  torlkoe  of  the  giMi  hawig 
the  diatomB  is  then  blown  and  brnshed,  and  the  preparatioii  la 
completed  by  the  process  described  for  arranging  diatoms. 

The  essential  point  of  the  operation  is  in  sofBoiently  hardening 
the  balffam  on  the  cover-glass.  The  heating  mnst  be  carried  as  iar 
as  is  possible  without  altering  the  colour.  To  succeed,  it  is  adTiaaUe 
to  cover  the  spirit-lamp  with  a  metal  chimney  to  avoid  the  flickering 
of  the  flame.  This  chimney  has  a  cap  (g,  fig.  42,  C  and  D),  movable 
vertically,  so  that  it  can  be  raised  or  lowered.  It  is  also  convenient 
to  joint  it  in  such  a  manner  that  the  hot  plate  can  be  placed  perpen- 
dicularly, if  desired. 

It  is,  of  course,  permissible  to  increase  at  pleasure  the  number  of 
tubes.  The  author  makes  preparations  containing  sixteen  and  even 
twenty-five  varieties  of  earths ;  and  expects  to  greatly  exceed  this 
number.     Indeed,  the  only  limit  is  the  size  of  the  cover-glass. 

Logwood  Staining.* — A.  C.  Cole  says  that  "up  to  the  present 
time,  no  stain  has  been  found  to  equal  logwood  for  certainty  and  per- 
manency of  results,  and  beauty  of  colour,  which,  besides  being 
beautiful,  is  also  not  too  tiring  for  the  eye.  We  go  fiirther,  and  aay 
that  the  more  a  histologist  departs  from  a  use  of  logwood  and  adopts 
other  stains,  the  more  unsAtisfactory  will  be  his  total  results.  If  ten 
men  were  each  to  make  for  himself  a  histological  cabinet,  the  work  of 
each  being  equal  in  other  ways,  the  one  who  would  produce  the  beat 
cabinet  would  be  found  to  have  used  logwood  and  picro-carminate  of 
ammonia  for  the  great  majority  of  his  slides,  using  other  stains  which 
have  been  found  to  suit  special  cases,  such  as  aniline-blue-black  for 
nerve-centres,  methyl-aniline  for  amyloid  or  waxy  degenerations  in 
pathological  histology  in  a  few  cases  only.  He  would  further  have 
been  found  to  have  used  benzole  balsam  as  his  mounting  medium  in 
the  case  of  his  logwood  stains,  and  glycerine  jelly  for  mounting  his 
picro-carmine  slides.  Such  a  cabinet  would  last  a  thousand  years, 
and  be  as  perfect  the  last  day  as  on  the  first.  On  the  other  hand, 
the  worst  cabinet,  especially  after,  say  about  ten  years,  would  be 
found  to  have  been  composed  of  a  few  logwood  sUdes,  mounted  in 
dammar  varnish,  and  the  great  majority  stained  with  all  sorts  of 
aniline  and  other  fancy  dyes,  and  mounted  in  glycerine.  The 
dammar  preparations  would  be  found  to  be  little  better  than  fine 
grey  dust,  and  the  fancy  dyes  to  be  conspicuous  by  their  absenoe. 
So  far  as  can  be  judged  by  our  present  data,  a  preparation  stained 
with  logwood  and  mounted  in  balsam  is  unchangeable ;  so  is  a  pre- 
paration stained  with  picro-carminate  of  ammonia  and  mounted  in 
good  glycerine  jelly. 

With  these  preliminary  remarks,  we  now  proceed  to  give  formnla 
for  those  stains,  and  those  only,  which  have  been  found  really  good  in 
every  way.  As  staining  is  yet  in  its  infancy,  we  daily  read  of  a  fresh 
stain,  and  a  new  method  of  staining.  We  need  scarcely  draw  the 
attention  of  our  readers  to  the  present  mania  for  '  rushing  into  print,' 
and  the  numerous  worthless,  not  to  say  senseless,  communications  to 

♦  *  The  Methods  of  Micmwrpical  Kesearch/  Part  VII.  (1884)  p.  xli. 
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our  yarions  jonmals  on  the  subject  of  dyes  for  histological  work. 
We  adyise  the  histologist  to  ask  himself  this  question: — ^Is  it  my 
object  to  make  for  myself  a  complete  educatiye  histological  cabinet, 
or  to  inyestigate  the  subject  of  stains,  and  therefore  to  experiment 
with  the  various  stains?  The  operator  should  settle  this  question 
once  for  all,  and  hefore  he  commences  his  work." 

Staining  with  Hsematoxylon.* — Dr.  C.  L.  Mitchell  describes  a 
new  and  simple  method  of  preparing  a  logwood  staining  fluid,  by 
which  a  permanent,  reliable,  and  satisfactory  preparation  can,  he 
claims,  be  easily  made,  and  which  places  within  the  reach  of  every 
microscopist,  a  staining  fluid  "  stable  in  composition,  comparatively 
easy  of  preparation,  and  unequalled  in  the  delicacy  and  bleamess  of 
difierentiation  of  its  colouring." 

In  staining  fluids  prepared  from  extract  of  logwood,  the  partially 
oxydized  tannin  in  the  liquid  gradually  absorbs  more  oxygen  from  the 
air  and  changes  to  other  complex  organic  compounds ;  the  colouring 
matter  is  also  aflected  by  the  decomposition,  and  gradually  becomes 
converted  into  other  substances,  and  the  liquid  finally  becomes  of  a 
dirty  muddy  colour,  and  is  half  filled  with  a  lumpy  sediment.  This 
change  will  be  found  to  take  place  in  all  ordinary  logwood  staining  fluids, 
whether  prepared  from  the  extract  or  from  the  drug  itself,  although 
from  the  nature  of  the  case  those  made  from  the  extract  would  be  most 
quickly  affected.  The  idea  therefore  occurred  to  the  author,  that  if 
Uie  tannin  could  be  removed,  and  the  lake  of  logwood  isolated  in  a 
state  of  comparative  purity,  a  staining  fluid  could  be  prepared  which 
might  possibly  be  both  permanent  and  satisfactory,  and  the  following 
formula  is  the  result  of  his  investigation : — 

MitchelVs  HemcUin  Staining  Fluid. 

9)    Finely  ground  logwood       3  ij. 

Sulph.  alumin.  and  potash  (potash  alum)         ..         ix. 

Glycerine      f  3  ^« 

Distilled  water a  sufficient  quantity. 

Moisten  the  ground  logwood  with  sufficient  cold  water  to  slightly 
dampen  it,  place  it  in  a  funnel  or  percolator,  packing  it  loosely  and 
then  percolate  sufficient  water  through  the  drug  until  the  liquid 
coming  from  the  percolator  is  but  slightly  coloured.  Allow  the  drug 
to  drain  thoroughly,  and  then  remove  it  from  the  percolator  and 
spread  out  on  a  paper  or  board  to  dry.  Dissolve  the  alum  in  eight 
fluid  ounces  of  water,  moisten  the  dry  drug  with  a  sufficient  quantity 
of  the  fluid  and  again  pack  in  the  percolator,  this  time  rather  tightly, 
and  pour  on  the  remainder  of  the  alum  solution.  As  soon  as  the 
liquid  percolates  through  and  commences  to  drop  from  the  end  of 
the  percolator,  close  the  aperture  with  a  tightly  fitting  cork  and  allow 
the  drug  to  macerate  for  forty-eight  hours.  Bemove  the  cork  at  the 
expiration  of  that  time,  allow  the  liquid  to  drain  off*,  and  then  pour 
sufficient  water  upon  the  drug  to  percolate  through  twelve  fluid  ounces 

♦  Proo.  Acad.  Nnt.  Sci.  Philad.,  1883,  pp.  297-800. 
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altogether.    Mix  thiB  with  the  gljeeriney  filter  ftnd  place  in  a  doae- 

Bto])|>CHl  bottle. 

In  this  process  nearly  all  the  tannin  is  remoTed  by  peroolating  the 
drug  with  cold  water,  a  menstruum  in  which  the  oolonring  principle 
is  not  very  soluble,  and  the  subeequent  maceration  and  percolation 
with  the  alum  solution  remoTca  the  logwood  lake  in  a  state  of  com* 
jmrativo  purity.  The  glvcerine  is  added  simply  for  its  preservatiTe 
qualities,  and  this  may  still  be  increased  by  the  addition  of  a  few 
drachms  of  alcohol  to  the  solution. 

Tlic  hematin  staining  fluid  thus  prepared  is  a  clear  heavy  fluid  of 
a  deep  ])urpli8h  red  colour.  It  will  keep  its  colour  for  a  length  of 
time  and  dej)08its  no  sediment.  A  sample  exhibited  by  the  author 
had  been  made  for  nearly  a  year,  frequently  exposed  to  a  strong  L'ght 
and  open  to  the  air,  but  was  unchanged.  Permanent  and  beautiful  in 
its  colour,  which  is  of  a  delicate  violet  hue,  clear  and  sharp  in  its 
definition  of  the  different  tissues  under  examination,  it  will  heue  use 
with  the  very  highest  powers  and  it  is  hoped  enables  observers  to 
diBtiiiguish  minute  differences  of  tissue  which  have  hitherto  escaped 
notice. 

As  to  the  method  of  using  the  fluid,  it  yields  good  results  when 
U6e<l  undiluti,^,  as  a  quick  stain  ;  but  the  best  results  are  obtained  by 
placing  tlie  tisHUcs  in  a  weak  solution  (ten  drops  to  two  fluid  drachms) 
with  warm  distilled  water  for  about  twelve  hours.  This  produces 
results  of  surpassing  delicacy  and  beauty. 

Dry  Injection-masses* — The  variously  coloured  gelatine  emul* 
sions  in  common  use  as  injections  keep  for  only  a  short  time,  and 
have,  therefore,  to  be  prepared  as  occasion  arises  for  their  use.  The 
dry  cmi^ilsions  recommended  by  Dr.  H.  Fol  are  very  easily  prepared 
and  convenieut  in  use.  As  tliey  will  keep  for  any  length  of  time 
they  can  be  prepared  in  quantities,  and  will  thus  be  ready  for  use  at 
any  moment. 

Carmine  Emulsion, — One  kilogramme  gelatine  (softer  kind  used 
in  photography),  soaked  in  water  for  a  few  hours  until  thoroughly 
softened ;  after  turning  off  the  water,  heat  the  gelatine  over  a  water 
bath  until  liquefied,  and  then  add  to  it,  little  by  little,  one  litre  of  a 
strong  solution  of  carmine  in  ammonia.  The  mixture,  stiffened  by 
cooling,  is  cut  up,  and  the  pieces  packed  in  a  fine  piece  of  netting, 
Vigorous  pressure  with  the  hand  under  water  forces  the  emulsion 
through  the  net  in  the  form  of  fine  strings  or  vermicelli.  These 
strings  are  placed  in  a  sieve  and  washed  until  they  are  free  from  acid 
or  excess  of  ammonia ;  then  collected  and  re-dissolved  by  heating. 
The  liquid  is  poured  upon  large  sheets  of  parchment  which  have 
been  saturated  with  paraffin,  and  these  sheets  are  then  hung  up  to  dry 
in  an  airy  place.  The  dried  layers  of  the  emulsion,  which  are  easily 
separated  from  the  parchment,  may  be  cut  into  strips  and  placed 
where  they  are  protected  from  dust  and  dainpness. 

The  carmine  solution  used   in  this  emulsion   is  prepared  as 

*  Zeitschr.  f.  Wiss.  Zool.,  xxxviii.  (1883)  pp.  492-5.  Cf.  Amer.  Natural, 
xviii.  (1884)  pp.  219-20. 
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follows : — A  Btroiig  solution  of  ammonia  is  dilnted  with  8-4  yolomes 
of  water,  and  carmine  added  in  excess.  After  filtering,  the  solution 
is  mixed  with  the  gelatine,  and  then  enough  acetic  acid  added  to 
change  the  dark  purple-red  into  blood-red.  It  is  not  necessary  to 
completely  neutralize  the  ammonia.  The  dry  emulsion  requires  only 
to  be  placed  in  water  for  a  few  minutes  and  melted  over  the  water- 
bath  to  be  ready  for  use. 

PJue  Emtdaum, — A  slightly  modified  form  of  Thiersch's  formula : — 
1.  To  300  ccm.  of  melted  gelatine  add  120  ccm.  of  a  cold  saturated 
solution  of  green  vitriol  (ferro-sulphate). 

2.  To  600  ccm.  of  melted  gelatine  add  first  240  ccm.  of  a  saturated 
solution  of  oxalic  acid,  then  240  ccm.  of  a  cold  saturated  solution  of 
red  prussiate  of  potash  (potassic  ferricyanide). 

3.  No.  1  poured  slowly  into  No.  2  while  stirring  vigorously ;  the 
mixture  heated  for  15  minutea 

4.  After  cooling,  the  emulsion  is  pressed  through  netting,  the 
Termicelli  washed  and  spread  on  waxed  paper  for  d^ing.  In  this 
case  the  vermicelli  must  be  dried  directly,  as  they  do  not  melt  well 
without  the  addition  of  oxalic  acid. 

The  dry  vermicelli  are  prepared  for  use  by  first  soaking  in  cold 
water,  and  then  heating  with  the  addition  of  oxalic  acid  enough  to 
reduce  them  to  a  liquid. 

Black  EmuUion, — 1.  Soak  500  g.  gelatine  in  two  litres  of  water 
in  which  140  g.  of  common  salt  have  previously  been  dissolved,  and 
melt  the  mass  on  the  water-batb. 

2.  Dissolve  300  g.  nitrate  of  silver  in  one  litre  distilled  water. 

3.  No.  2  poured  very  slowly  into  No.  1  while  stirring.  An  ex- 
tremely fine-grained  emulsion  may  be  obtained  by  using  8-4  times  as 
much  water  in  Nos.  1  and  2. 

4.  No.  3  pressed  into  vermicelli  as  above,  and  then  mixed  with 
No.  5.  by  clear  daylight. 

5.  Mix.  1^  litre  cold-saturated  potassic  oxalate  with  500  ccm*  of  a 
coldHBaturated  solution  of  ferro-sulphate. 

6.  No.  4  mixed  with  No.  5  gives  a  thoroughly  black  emulsion, 
which  should  be  washed  several  hours,  again  melted,  and  finally 
poured  in  a  thin  layer  on  waxed  paper. 

A  grey-black  emulsion  may  be  obtained  by  using  240  g.  potassic 
bromide  in  the  place  of  common  salt  in  No.  1,  the  remaining  opera- 
tions being  the  same. 

Sohering's  Celloidin  for  Imbedding.* — Mr.  G.  0.  Earop  finds 
that  a  form  of  pyroxylin,  known  as  Schering's  patent  celloidin,  used 
by  photographers  for  making  a  uniform  quality  of  collodion,  is  an 
excellent  material  for  imbedding.  It  is  in  the  form  of  flat  cakes  of 
extremely  tough,  horny  consistence,  and  '*  said  to  be  non-explosive,*' 
burning  like  paper,  and  simply  carbonizing  if  heated  in  a  test-tube. 

*'  A  sufficient  quantity  is  cut  up  and  dissolved  in  equal  parts  of 
absolute  alcohol  and  absolute  methylated  ether  0*717,  until  the 
solution  is  thin  enough  to  pour.     This  takes  some  time,  and  the 

♦  Journ.  Quek.  Micr.  Club,  i.  (1884)  pp.  827-8. 
Ser.  2.— Vol.  IV.  Y 
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miziore  Bhonid  be  well  stirred  dftilj,  and  kepi  in  m  wann  room.  The 
mafv  to  1)0  cut  ie  hardened  in  any  desired  manner,  and  fiwtened  hf 
lit  otllcs  in  tho  requisite  position  for  cutting  in  a  paper  case  the  same 
size  a8  tho  well  of  the  microtome.  The  celloidin  solution  is  poured 
in  as  frco  from  bubbles  as  possible,  and  allowed  to  set  slightly.  The 
paper  case  and  its  contents  is  then  placed  in  a  quantity  of  methylated 
alcoliol  of  80^,  not  less,  as  otherwise  the  oolloidin  becomes  tough,  and 
not  more,  or  it  will  dissolye  it  It  is  left  in  this  until  of  the  proper 
conHistcnec  to  cut,  about  as  firm  as  boiled  egg  albumen.  If  possible, 
tlio  sections  should  be  cut  under  the  surface  of  methylated  spirit 
Kat8ch*8  machine  is  made  for,  and  is  simply  perfect  for  this  purpose, 
but  sections  can  bo  cut  Tcry  well  if  the  whole  surface  of  the  micro- 
tome in  use  is  kept  flooded  with  spirit  The  sections  can  be  stained 
by  any  of  tho  ordinary  fluids ;  the  oolloidin  takes  a  slight  stain,  but 
as  it  is  perfectly  amorphous  it  does  not  in  any  way  interfere,  and  can, 
of  course,  if  the  species  of  section  admit  it,  be  dissolved  away  by  the 
mixture  of  ether  and  alcohol.  On  the  whole,  it  seemed  about  the  best 
thing  for  the  purpose  that  he  had  met  with,  and  members  might  judge 
of  its  fitness  by  tho  fact  that  it  enabled  one  to  cut  sections  of  the 
wholo  eye,  every  structure  remaining  in  titUy  a  feat  he  supposed 
impossible  with  any  other  material." 

Oage's  Imbedding-mass  Cup.* — S.  H.  Oage  describes  the  imbed- 
ding-moss  cup,  shown  in  fig.  43,  about  1/5  natural  size.    A  is  a 

water-bath,  into  the  top  of  which  is  firmly 
soldered  the  cup  B  for  the  imbedding-mass, 
having  a  fine  wire  gauze  basket,  suspended 
by  a  stiff  wire,  for  holding  the  tissue.  The 
cup  is  placed  on  one  side  of  the  water-bath 
to  facilitate  the  pouring  out  of  the  im- 
bedding-mass. The  apparatus  may  be  heated 
on  a  stove  or  by  a  gas  or  alcohol  flame. 

Oage  and  Smithes  Section-flattener.t — 
S.  H.  Grage  and  T.  Smith  have  devised  a 
scction-flattener  somewhat  similar  to  that  of 
Andres,  Giesbrecht,  and  Mayer,t  but,  as 
they  consider,  simpler  and  applicable  to 
every  form  of  section  knife. 

The  section-flattener  (fig.  44)  consists 
of  a  rod  h  of  spring  brass  about  5  mm.  in 
diameter,  flattened  on  two  sides  h  and  r2,  extending  parallel  with 
the  edge  of  tho  knife,  and  projecting  about  2  nmi.  beyond  it 
Opposite  the  cutting  edge  the  space  between  the  rod  and  knife 
is  about  1  mm.,  while  nearer  tho  back  of  the  knife  the  distance  is 
greater  (D,  a,  6).  At  each  end  the  rod  is  bent  at  right  angles. 
Next  the  handle  it  passes  through  a  hollow  cylinder  d,  into  which  it 
is  secured  by  a  milled  nut  c.     At  the  free  end  of  the  knife  the  rod  is 

♦  Medical  Student  (N.Y.)  i.  (1883)  pp.  14-16  (2  figs.). 
t  'The  MicroBCope/  iv.  (1884)  pp.  25  7  (1  fig.). 
:  See  this  Journal,  iii.  (1883;  p.  910. 
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booked  over  the  back  of  the  blade  A,  the  sprmg  of  the  wire  Becnring 
it  firmly.  At  the  two  angles  of  the  rod  it  rests  on  the  blade,  so  that 
in  oatting  sections  any  amount  of  pressure  may  be  applied  at  these 
points.    The  rod  is  attached  to  the  knife  by  means  of  a  clamp,  which 


Fio.  44. 


The  section-flattener  attached  to  a  section  knife:— <i.  Blade  of  the  section 
knife;  6.  section-flattener;  c.  milled  nut;  d,  the  purt  of  the  clamp  bearing  the 
hollow  cylinder;  e.  part  of  the  clamp;  /.  screw  holding  the  two  parts  of  the 
damp  together. 

A.  Section  showing  the  manner  of  hooking  the  section-flattener  oyer  the  back 
of  the  blade. 

B  and  D.  Sections  showing  the  form  of  the  section-flattener  and  its  relation 
to  the  cutting  edge,  except  at  the  ends. 

C.  Section  of  the  tang  of  the  knife,  showing  the  manner  of  attaching  the 
damp. 

consists  of  two  pieces  clasping  the  tang,  and  held  together  by  a 
screw  c.  To  clean  the  knife  and  rod,  or  to  remove  sections,  the  rod 
may  bo  raised  as  it  swings  freely  in  the  hollow  cylinder  attached  to 
d.  The  rod  may  be  entirely  removed,  as  is  necessary  in  sharpening 
the  knife,  by  removing  the  milled  nut  e ;  the  entire  apparatus  may  be 
removed  from  the  knife  by  loosening  the  screw  /. 

Francotte's  Section-flattener.* — P.  Francotte  also  describes  a 
simple  apparatus  made  by  bending  an  iron  wire  or  knitting  needle 
1  mm.  in  diameter  into  two  right  angles,  the  points  A  and  B  being 
7  to  8  cm.  apart. 

Fig.  45. 

Back  of  rasor. 


0' 


B 


£dge  of  razor. 


The  arms  A  C  and  B  D  are  bent  into  hooks,  so  as  to  attach  the 
apparatus  to  the  back  of  the  razor.  A  C  and  B  D  should  be  of  such 
a  length  that  A  B  is  0*  1  or  0*2  mm.  behind  the  edge. 

In  cutting,  the  sections  are  partially  rolled  round  A  B.  It  is  then 
easy  to  transfer  them  to  a  glass  slide  and  to  make  them  flat,  which 
is  generally  done  without  difficulty. 

♦  BuU.  Soc.  Belg.  Mior.,  x.  (1884)  pp.  58-60  (1  fig.). 
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Employment  of  the  Fre6iin|^  Kethod  in  Hiitology.* — ^Dr.  Aid 

Key  and  Profossor  (lOstaT  Rotsins  reproduce  in  Grerman  an  aooomtt 
of  the  frcc-zin^  method  which  had  boen  previonsly  published  by  them 
in  Swc<liHh.  The  method  is  in  many  cases  of  great  adTantage,  bnt  it 
often  cauRos  certiiin  abnormal  appearances  which,  without  dne  care, 
might  be  tiiken  for  actual  features  in  the  tissue  examined ;  for  f»Y*"»pl«, 
in  fine  Rections  of  tendon  cut  when  frozen  and  fixed  afterwards  hy 
moans  of  perosmic  acid,  a  scries  of  longitndinal  canals  were  seen; 
and  in  sections  of  brain  a  regular  system  of  lacanas  commonicatiog 
with  cocli  other  appeared  to  exist  which  it  was  quite  impossible  to 
demoni)ti*ate  by  means  of  an  injection.  All  these  appearances,  in  &ct^ 
are  produced  by  the  freezing  method  itself;  the  water  contained  in 
the  tissues  is  driven  out  at  the  moment  of  freezing,  and  collects  into 
laeunic  whore  there  is  the  least  resistance.  It  is  eyident,  therefore, 
that  tlic  greatest  care  most  be  exercised  by  histologists  who  make  use 
of  this  method. 

Improved  Method  of  Using  the  Freeiin|^  ]Cicrotome.t — ^Prof. 

W.  J.  SoUas  considers  that  the  process  of  obtaming  thin  slioes  of  soft 
structures  by  means  of  imbedding  in  paraffin  has  now  boen  brought  to 
a  state  of  almost  ideal  perfection  ;  on  the  other  hand  the  method  of 
**  freezing  "  still  remains  almost  in  its  infancy.  At  present  it  is  only 
with  gi*eat  trouble  that  a  continuous  series  of  slices  can  be  obtained 
with  it.  and  if  these  arc  cut  from  a  loose  disconnected  tissue,  they 
break  up  immediately  on  being  introduced  into  water  to  free  them 
from  the  gum  in  which  they  are  always  imbedded.  MoreoTer  the 
waste  of  time  involved  in  transferring  from  water  to  a  glass  slide  is 
simply  appalling. 

Yet  the  freezing  process  has  special  advantages  of  its  own. 

In  the  case  of  many  tissues  it  aflfords  a  clearer  insight  into  struc- 
ture ;  perfect  staining  is  not  so  indispensable  (provided,  as  is  usually 
the  case,  glycerine  be  used  as  a  medium  for  mounting) :  and  when 
hard  parts  occur  in  a  preparation  along  with  soft,  both  may  be  evenly 
cut  through  with  equal  case.  It  is  not  likely,  therefore,  to  fall  wholly 
out  of  use,  particularly  for  certain  refined  histological  work,  ana 
improvements  may  bo  confidently  expected. 

The  following  may  perhaps  be  regarded  as  a  first  step  to  others. 
Instead  of  freezing  in  gum,  as  is  usual,  one  uses  gelatine  jelly.  This 
is  prepared  and  clarified  in  the  ordinary  manner.  It  should  set  into 
a  stiff  mass  when  cold,  how  stiff  will  best  be  learned  by  experience. 

The  tissue  to  bo  cut  is  transferred  from  water  to  the  melted  jelly, 
and  should  remain  in  it  until  well  permeated. 

It  is  then  placed  on  the  piston  of  a  Rutherford's  microtome ;  the 
"  well  **  should  not  be  filled,  for  adherence  it  is  sufficient  to  roughen 
the  surface  of  the  piston  with  a  file.  No  more  jelly  should  be  used 
than  is  sufficient  to  surround  the  specimen ;  if  too  much  has  been  added^ 
it  may  be  removed  when  frozen  by  careful  paring. 

When  well  frozen,  slices  may  bo  cut  in  the  ordinary  way ;  while 

♦  Retziu8*8  Biol.  Unterauchungen,  ii.  (1882)  pp.  150-3. 
t  Quart.  Journ.  Micr.  Sci.,  xxiv.  (1884)  pp.  1G3-4. 
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frozen  tbey  should  be  quickly  transferred  to  the  glass  slide  on  which 
they  are  to  be  mounted.  On  touching  the  glass,  the  slice  of  jelly 
almost  immediately  thaws  and  adheres  as  a  consistent  fibre  to  the 
surface.  When  enough  slices  have  been  placed  on  the  slide,  they 
should  each  be  covered  with  a  drop  of  glycerine  (the  sooner  this  is 
added  the  better);  a  cover-glass  is  then  superposed,  zinc  white  or 
some  similar  cement  is  run  round  it,  and  the  preparation  is  complete. 
In  process  of  time  the  glycerine  will  permeate  the  gelatine  and 
convert  it  into  glycerine  jelly ;  if  this  does  not  take  place  soon  enough, 
it  may  be  hastened  by  placing  it  in  an  oven  kept  at  a  temperature  of 
about  20°  to  80°  C. 

In  this  way  a  series  of  entire  slices  of  great  thinness  may  be 
obtained  from  the  most  disconnected  structures ;  even  when  they  con- 
tain hard  silicious  spicules,  as  in  the  case  of  sponges. 

Diatoms  may  be  cut  without  difficulty  by  this  method,  and  the 
anthor  says  he  has  now  beside  him  some  slices  of  Pleurongma  which 
reveal  the  internal  anatomy  of  these  in  an  admirable  ffishion.  It 
need  not  be  added  that  the  process  effects  a  considerable  saving  in 
labour  and  time. 

Mayer's  method  of  Fixing  Sections/ — P.  Mayer  proposes  an 
improvement  on  the  methods  of  Frenzel,  Throlfall,  and  Schallibaum. 

A  mixture  of  equal  volumes  of  filtered  white  of  egg  and  glycerine 
18  made,  and  spread  with  a  fine  brush  in  a  very  thin  and  uniform  layer 
on  a  cold  slide.  The  sections  are  then  laid  on  it,  and  the  whole  warmed 
for  some  minutes  on  a  water-bath ;  they  can  now  be  treated  with  oil 
of  turpentine,  alcohol,  water,  and  colouring  reagents,  without  any 
danger  of  their  moving.  The  glycerine  oidj  serves  as  a  means  of 
keeping  the  surface  of  attachment  moist ;  if  the  paraffin  in  the  sections 
melts,  it  immediately  carries  away  the  albumen,  so  that  the  neigh- 
bourhood of  the  section  is  almost  or  altogether  freed  from  it,  and  this 
18  an  additional  advantage  of  the  method.  The  mixture  of  albumen 
can  be  kept  clear  by  the  use  of  antiseptics  (carbolic  acid). 

Alum-carmine  and  strong  alcoholized  solution  of  carmine  are  very 
useful  staining  reagents.  The  latter  is  slightly  modified  from  the 
well-known  preparation  of  Grenacher  in  that  4  gr.  of  carmine  are 
dissolved  in  100  ccm.  of  80  per  cent,  alcohol,  with  the  addition  of  80 
drops  of  concentrated  pure  hydrochloric  acid,  heated  for  about  half 
an  hour  in  the  water-bath ;  this  solution  is  filtered,  while  still  hot,  and 
the  superfluous  acid  is  carefully  removed  by  the  addition  of  caustio 
ammonia,  added  till  the  carmine  begins  to  be  deposited.  When  quite 
oold  this  solution  stains  very  rapidly  (for  example,  embryos  of  lobsters 
are  stained  in  about  a  minute)  and  intensely,  though  diffusely; 
washing  in  alcohol  acidulated  with  hydrochloric  acid  is  therefore 
necessary  if  the  nuclei  alone  are  to  be  stained.  The  moment  of 
satisfactory  cleansing  may  be  judged  by  the  appearance  presented  by 
the  albumen,  which  will  completely  give  up  the  carmine  to  the  alcohol, 
or  will,  at  most,  be  only  fainUy  coloured. 

♦  MT.  Zool.  Stat.  Neapel,  iv.  (1883)  pp.  521-2, 
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Onm  And  Syrup  Pmorring  Flnid.^ — ^The  Tory  gmi  ottfeetion 
to  the  HBO  of  frooziDg  niicrotomee  wae  the  impoMubUity  of  tikiiig 
Bpirit-bardened  material  and  cuttiiig  it  withoat  an  eighteen  or  twenty- 
fonr  lionn'  preparation.  Up  to  a  lew  months  ago^  any  one  wishing  to 
ent  by  froeiing  had  to  take  his  specimens  oat  of  spirit,  cut  them  of 
oonToiiieiit  Fize,  aiid  soak  them  in  water  for  twelTo  or  more  honrs  to  gst 
rid  of  the  spirit,  then  phice  them  in  gnm  solntion  some  hours  fnither. 
This  was  a  great  drawback,  and  rendered  it  a  necessity  that  the 
operator  mnnt  think  over  what  he  wished  to  cot,  and  prepars  it 
thron^^h  twenty-fonr  hours  preyiously  ! 

All  this  is  changed.  Specimens  are  now  kept  the  year  round,  if 
the  operator  chooses,  in  gum  and  syrup,  haying  a  little  carbolic  add 
in  it,  and  ho  freezes  and  cuts  any  tissue  so  plMcd  at  any  moment  he 
likes. 

To  make  the  gum  and  syrup  medium,  take  of  gum  mucilage  f  (^^Q 
fiye  parts ;  sjmp,  t  three  parts.  Add  five  grains  of  pure  carbolic  acid 
to  each  onnce  of  the  aboye  mediuuL 

Tifwuo  may  remain  in  this  any  length  of  time.  For  brain,  spinsl 
cord,  retina,  and  all  tissues  liable  to  come  in  pieces,  put  four  parts  of 
syrup  to  five  of  gum. 

The  oi)erator  will  do  well  to  make  the  gum  mucilage  and  syrup 
separately,  and  to  keep  them  so  till  wanted. 

Catting  Tissues  Soaked  in  Gum  and  Syrup  l[ediam.§—  Take  a 
piece  of  tissue  not  more  than  an  eighth  of  an  inch  thick,  and  press  it 
goutly  between  a  soft  cloth  to  remove  all  the  gum  and  qrrup  from  the 
outside  of  the  tissue.  Set  the  spray  going,  and  paint  on  the  freezing- 
plate  a  little  gum  mucilage  :  then  put  fiio  tissue  upon  this  and  surround 
it  with  gum  mucilage  with  a  camel-hair  brush.  The  tissue  is  thus 
saturated  with  gum  and  syrup,  but  surrounded  when  being  frozen 
with  gum  mucilage  only.  This  combination  preyents  the  sections 
curling  up,  on  the  one  hand,  or  splintering  from  being  too  hard 
frozen  on  the  other.  Should  freezing  haye  been  carried  too  far,  the 
operator  must  wait  a  few  seconds.     It  ought  to  cut  like  cheese. 

Gum  Styrax  as  a  Medium  for  Mounting  Diatoms.  || — ^Referring 
to  Dr.  Van  Heurck's  recommendation  of  "  styrax,"  If  ll&.  F.  Eitton 
writes  that  the  resin  which  is  the  product  of  lAquidambar  orientale  is 
prescribed  in  the  British  Pharmacopceia  under  the  name  of  gum 
styrax,  and  in  the  drug  trade  is  known  as  **  strained  gum  styrax."  It 
has  the  colour  of  the  old-fashioned  black  treacle,  but  is  of  greater 
consistency ;  a  temperature  of  212°  renders  it  fluid.  In  its  com- 
mercial state  it  is  unfit    for  microscopic  purposes,  first  from   its 

*  Colu*8  *  Mt'tbods  of  Microeoopical  Research,'  1884,  p.  xxxix. 

t  Gum  mucilage  B.P.  is  made  by  placing  4  oz.  of  picked  gnm  acacia  in 
6  01.  of  distilled  water  and  stirring  occasionally  until  the  gum  is  diasolved. 
This  is  to  be  strained  through  muslin. 

X  Bynip  is  made  by  dissolving  1  pound  of  loaf  sugar  in  1  pint  of  distilled 
water  and  tailing. 

§  Colo*8  *  Methods  of  Microscopical  Research,'  1884,  pp.  xxxix.-xL 

II  Sci.-Gassip,  1884,  p.  GG. 

t  Bee  this  Journal,  iii.  (1883)  p.  741. 
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imparities,  probably  owing  to  the  rough  method  employed  in  obtain- 
ing it— the  stems  are  cat  in  small  pieces  and  boiled,  when  the  gam 
rises  to  the  surface,  and  is  skimmed  off;  and  second,  from  its  thick- 
ness. It  is  therefore  necessary  that  it  should  be  dissolved  in  one  of 
the  following  menstrua :  chloroform,  benzol,  ether,  a  mixture  of 
benzol  and  absolute  alcohol.  When  the  resin  is  dissolyed  it  must  bo 
filtered,  and  it  is  then  ready  for  use.  The  solution  should  be  of  the 
colour  of  brown  sherry,  and  the  consistency  of  limpid  olive  oiL  Its 
consistency  can  of  course  be  increased  by  evaporating  a  portion  of  the 
benzol,  and  the  whole  of  the  latter  should  be  eliminated  before 
placing  the  cover-glass  on  the  slip.  Its  refractive  index  is  then  1  *  63, 
very  nearly  that  of  monobromide  of  naphthaline.  The  American 
liquid-amber  is  prescribed  in  the  American  Pharmacopoeia,  but  seems 
to  be  unknown  in  Europe.  It  would,  if  obtainable,  be  preferable  to 
gum  styrax,  as  its  colour  is  a  pale  yellow.  The  colour  of  the  styrax 
is  practically  of  little  consequence,  as  the  film  between  the  cover  and 
slip  is  very  thin,  and  does  not  show  any  appreciable  amount  of  colour 
when  placed  under  the  Microscope. 

During  the  past  four  or  five  months  Mr.  Eitton  has  used  this  medium 
for  various  Diatomacea^.  The  transverse  striad  on  Pleurongma  liitorcUe 
and  the  longitudinal  on  Navicula  cuspidata  are  much  more  shai'ply 
defined,  and  the  striae  on  all  of  them  are  more  easily  resolved  than  when 
mounted  in  Canada  balsam.  The  most  striking  difference  between  gum 
styrax  and  Canada  balsam  is  displayed  by  Polymyxua  coronalis.  In 
balsam,  the  valves  are  perfectly  hyaline,  and  the  rays  and  puncta  almost 
invisible ;  in  gum  styrax  the  valves  are  light  brown,  and  the  markings 
easily  resolved.  Heliopdtay  as  might  be  expected,  does  not  exhibit 
more  structural  detail,  but  every  line  and  dot  is  more  distinct  than 
when  it  is  balsam-mounted.  Several  of  the  Aulisci  are  also  much 
improved  when  mounted  in  this  medium.  Mr.  Eitton  cannot  say 
much  of  its  merits  as  a  medium  for  mounting  other  microscopic 
objects.  He  has  tried  it  for  thin  wood  sections,  hairs,  chalk 
foraminifera,  and  a  few  butterfly  scalos,  all  of  which  show  better  than 
they  do  in  balsam.  The  colour  of  styrax  becomes  objectionable  when 
a  thick  layer  is  necessary.  Dr.  Van  Heurck  directs  that  the  com- 
mercial gum  styrax  should  be  exposed  in  thin  layers  to  the  light 
and  air  for  several  weeks,  to  eliminate  the  moisture  contained  in  it 
previous  to  dissolving  it,  but  Mr.  Eitton  has  not  found  this  necessary 
with  his  sample. 

Mounting  Medium  of  High  Eefractive  Index.* — ^Professor 
Hamilton  Smith  is  reported  to  have  mounted  Amphipleura  pellucida 
and  Navicula  rhomboidea  in  "  something  having  a  refractive  index  of 
2 '  4,*'  the  result  being  **  past  all  expectation,  beating  everything  yet 
seen,"  "  making  a  new  era  in  diatom  mounting,*'  and  "  far  surpassing 
all  that  has  been  done  in  phosphorus." 

Dr.  A.  Y.  Moore  has  adso  ]  mounted  A.  peUucida  in  a  medium  of 
index  2*3.^  The  appearance  of  the  frustule  is  said  to  bo   "  quite 

♦  Journ.  Quek.  Micr.  Club,  i.  (1884)  pp.  333-4. 
t  Amer.  Mou.  Micr.  Joam.,  v.  (1884)  p.  37. 
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remarkable.  It  can  be  distinctly  seen  under  a  low-power  objectife 
under  circumstances  that  a  specimen  in  balsam  would  be  quite 
invisible."  He  "bas  had  no  difficulty  in  seeing  the  dots  on  the 
valves  with  a  Spencer  1/10  in.  N.A.  1*85,  with  Beck's  yeitual 
illuminator,  using  lampli^t." 

King8ley*8  Cabinet  for  Slides.* — J.  8.  Kinney  has  had  in  use 
fur  some  time  a  cabinet  for  holding  his  preparations,  which,  while  not 
entirely  new,  possesses  (ii  is  claimed)  some  original  features.  It  is 
based  upon  the  model  ot  Dr.  HaileB,t  but  is  more  compact. 

Rectangular  frames  of  light  wood  are  made,  mcasoring  inside 
3  J  by  6]  in.,  and  just  the  depth  of  the  tiiiokness  of  a  dido  (fig.  46). 


Fio.  46 


On  one  sido  of  this  strips  arc  glued  of  four-ply  Bristol  board  a,  in 
tho  manner  shown  in  the  figure.  These  skeleton  trays  are  kept  in  a 
box,  piled  one  upon  another.  By  this  plan  the  slides  are  kept  flat^ 
and  each  one  is  held  in  place  by  the  strips  of  Bristol  board,  which 
form  the  bottom  of  the  tray  above  it.  The  preparation  and  its  cover 
project  between  these  strips ;  but,  as  will  readily  be  seen,  are  pre- 
vented from  touching  the  under  surface  of  the  slides  in  the  tray 
above. 

The  especial  advantage  claimed  for  this  plan  is  its  compactness, 
safety,  and  portability ;  features  of  no  small  importance  when  one  is 
returning  from  the  sea*  shore  after  the  summer's  work. 

Pillsbury's  Slide  Cabinet4 — ^^^  ^*  Pillsbury  has  devised  a 
cabinet  (fig.  47)  to  allow  of  a  set  of  slides  being  taken  out  and 
carried  to  fiie  class-room  or  the  society-room  in  safety,  without  being 
transferred  to  trays  for  that  purpose  and  afterwards  replaced  in  the 
cabinet. 

♦  Science  Record,  ii.  (1884)  p.  07  (1  fig.)- 

t  Sec  this  Journal,  iii.  (1883)  p.  456. 

X  Science  Rooord,  ii.  (1883)  pp.  25-6  (2  figs.). 
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Neat,  light,  and  yet  firm  "  trays."  each  with  sawn  alota  for 
holding  twenty-five  slides,  arc  fitted  to  a  polished  cheir;  oabioot  io 
ench  a  way  that  they  stand  on  end  in  two  rows  with  sufficient  spaoo 
between  the  rows  to  make  it  convenient  to  get  hold  of  tbe  trays  to 
tftke  them  out    The  slides  thns  lie  flat.    The  upper  end  of  eaeh  tray 


has  a  printed  label  with  numbered  lines  for  the  name  of  the  objeola 
contained  in  the  tray.  There  is  a  series  of  corresponding  nnmben  on 
the  bottom  of  the  box  to  facilitate  the  replacing  of  the  slides.  This 
arrangement  gives  a  complete  list  of  the  slides  in  the  colleotiou, 
spread  oat  when  the  lid  of  tbe  cabinet  is  opened,  without  any  handling 
ta  the  specimens. 

The  slides  should  be  arranged  by  series,  those  likely  to  be  wanted 
for  nae  together  being  put  in  the  same  tray. 

•Rraniiiiing  the  Heads  of  Insects,  Bpiders,  fto.,  allTe." — Mr. 
E.  T.  Draper  recommends  a  cone  of  pasted  paper  to  bo  made  rather 
laivor  than  the  specimen,  with  the  apex  cot  off.  A  vigorons  spider 
will  soon  project  its  head  through  the  apertnre.  When  in  this  poeitioQ 
it  should  bo  blocked  behind  with  cotton  wool  slightly  wetted.  The 
cone  can  then  bo  gummed  to  a  slip,  apex  upwards. 

'  Many  insects  can  be  arranged  in  the  same  way  for  the  observation 
of  facial  movements,  and  such  front  views  admit  of  interesting  and 
extended  study,  the  action  of  tbe  autennre,  palpi,  and  various  organs  of 
the  month  may  be  watched,  and  curious  effects  produced  by  the 
oxcitation  of  saccharine  or  nitrogenous  juices,  administered  from  tbe 
top  cf  a  sable  pencil. 

Examining  Keat  for  Trichinte.! — C.  Benson  describes  the  follow- 
ing new  process  for  discovering  7Vi<:^>nce ; — Slices  &am  2-3  mm. 
thick  are  taken  from  sovoral  different  portions  of  the  piece  of  meat  to 
be  examined — by  preference  from  the  surface  of  the  fleah.  From 
each  is  cut  a  series  of  thin  sections,  which  are  placed  together  in 
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the  following  solotion :— Methyl-green,  1  gnimne;  tUmtiM^  ymkr, 
80  grammes.  After  about  ten  minntee'  maoeratiop,  the  seetiom 
aro  withdrawn  and  placed  to  deooloor  in  a  large  test-tnbe  filled  with 
diHtillcd  water  for  half  an  hoar,  the  water  being  shaken  and  dianged 
two  or  three  times. 

AVhon  the  ^-ater  is  very  clear,  it  should  be  stirred  with  a  glasi 
rod,  and  on  holding  the  test-tube  against  the  light  it  is  Tery  easy  to 
distinguish  with  the  naked  eye  the  sections  containing  Tridimm, 
These  present  themselves  undw  the  form  of  small,  dark-blue,  elongated 
8]K>t8,  methjl-grocn  staining  mnch  mora  deeply  the  cysts  of  the 
Trichina  than  the  rest  of  the  tissna 

It  is  sufficient  to  examine  the  sections  with  a  power  of  50,  and  if  **  no 
TrichijHE  aro  found,  one  maybe  abaolntely  certain  that  the  meat  does 
not  contain  any.'* 

Bolton's  Living  Organiims. — ^Ifr.  T.  Bolton  continues  his  praise- 
worthy efforts  to  supply  microsoopists  with  a  variety  of  living  organ- 
iHiuH,  animal  and  vegetable.  Several  which  he  has  sent  out  were 
entirely  now  to  science,  while  others  were  new  to  England.  His  port- 
folio of  drawings  has  now  reached  its  tenth  number.  Microsoopists 
HiibKcribing  to  Mr.  Bolton's  **  bottles,"  may  certainly  feel  that  apart 
from  the  ]>ractical  return  which  they  receive  for  their  subscription, 
they  are  doing  a  real  seryice  to  microscopy. 

Cole*8  Studies  in  Microscopical  Science. — ^Here,  also,  great  credit 
is  due  to  the  editor,  Mr,  A.  C.  Colo,  for  the  exertions  which  he  has 
mode  to  meet  a  want  that  has  been  felt  by  microsoopists  for  the  last 
half  century.  During  that  time  the  cry  has  constantly  been  that, 
though  slides  could  be  bought  in  profusion,  no  guide  to  their  intel- 
ligent examination  was  forthcoming.  Mr.  Cole  supplies  weekly,  not 
only  a  slide  with  a  full  description  of  the  object,  but  also  a  coloured 
phite.  It  will  be  a  matter  of  very  great  regret  if  these  "  Studies  "  are 
allowed  to  lapse  for  want  of  proper  support  from  microsoopists. 

In  addition  to  the  '*  Studies,"  Mr.  Colo  is  also  publishing  in  parts, 
**  Popular  Microscopical  Studies,"  and  '*  Methods  of  Microscopical 
lleseorcL" 

Alcohol,  Absolute,  preparing. 

[**  Tlio  inirroscopist  can  prepare  an  alcohol  which  is  8o  nearly  devoid  of  water 
08  to  fulfil  all  ordinary  requircmontd  by  a  very  simple  process.  Onlinary 
blue  vitriol  (eupric  sulphate)  is  burnt  or  cttlcined  until  all  water  of  crya- 
talliziition  ib  expelled  and  the  reMulting  powder  is  put  into  (95  per  cent.) 
alcohol,  from  which  it  extracts  a  largo  proportion  of  the  water.  By 
retreating  the  operation  several  times,  an  almost  absolute  alcohol  may  be 
obtained."] 

Scunce  Record,  II.  (1884)  p.  65. 
Baumgarten,    p. — Beitrage    zur    Darstellungfrmethode    der   'i'uberkelbaeiUen. 
(Contributions  to  the  method  of  demonstrating  the  bacillus  of  tubercle.) 

Zeitschr.  f,  Wiss.  Alikr.,  I.  (1884)  pp.  51-60. 
Bebgonzini. — Suir  uso  del  colludio  e  del  fenolo  nella  technica  microBcopica. 
(On  the  use  of  collodion  and  fennel  oil  in  microscopical  technics.) 

Spallamani  Modcna,  XII.  (1883)  FaflO.  4. 
Blackuav,  G.  E. — B(»xes  for  Objects.    [7Uv/.] 

rroc.  Amcr.  Soc,  Alter.,  0th  Ann.  Meeting  (1883)  pp.  236-7. 
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Bbadlkt's  Mailing  Gases.    See  PilUbnry,  J.  H. 

Bbass,    a.— Die  Methoden  bei  der  Untersuchung  tbieriBchen  Zellen.    (The 
methods  for  the  investigation  of  animal  cells.)    TPoatJ] 

Zeitschr.f.  Win.  Mikr.,  I.  (1884)  pp.  39-51. 

BasGEBMrELD,  A.  H. — A  new  method  of  mounting  Hydra,    [Post.] 

Amer,  Mqa.  Micr,  Joum,^  V.  (1884)  pp.  49-50. 

Browne's  (B.,  jnn.)  Gase  for  Objects. 

[**  Each  box  holds  thirty  slides  in  a  case  that  will  easily  slip  into  the  pookei, 
and  can  be  set  up  on  the  shelf  of  a  bookcase.  It  has  a  movable  flap-oover 
over  the  slides,  on  which  there  is  a  list  of  numbers  so  that  the  slides  can 
be  catalogued."] 

Proo,  Amer.  8oc  Micr.,  6th  Ann.  Meeting,  1883,  p.  236. 
Galliano. — II  regolatore  del  preparato  al  mioroecopio.    (Guide  for  microaoopioal 
preparation.) 

Giom,  R,  Accad,  Med,  TorinOy  XLYL  (1883)  Noa.  4,  5. 
Gassb.    See  Renard,  A. 

Gattaneo,  G. — Fissazione,  oolorazione  e  oonservazione  degli  Infiisorit    (Fixing, 
colouring,  and  preserving  Infusoria.) 

Bollett.  Sdentif,,  V.  G883)  pp.  89-95. 

Gebtes,  a. — Analyse  micro$2:raphiqae  des  Eaux.    (Microscopical  analysis  of 

water.)    8vo,  Paris,  1883,  28  pp.  and  2  pis.    [Post,'] 
Gleaning  Slides  and  (Covers.— Letters  by  F.  Dienelt,  A.  L.  W.,  E.  W.  Owen, 
S.  Wells,  and  D.  S.  W.  Amer,  Hon,  Micr,  Joum,,  V.  (1884)  pp.  59-60. 

GoLE,  A.  G. — Studies  in  Microscopical  Science. 

Vol.  II.  No.  11.  Sec.  I.  No.  6.  Fibrous  Gonneotive  Tissue.    Plate  6.  Areolar 

Tissue  X  40,  pp.  21-4. 

No.  12.  Sec.  II.   No.  6.  Chap.  III.  The  Morphology  of  Tissues  (continued), 

pp.  21-4.    Plate  5.  Typea  of  Simple  Tissues.    Plate  6.   Protliallus  of 

Fern  x  250. 

No.  13.  Sec.  I.  No.  7.  Fibrous  Gonnective  Tissue  (continued).    Tendon,  pp. 

25-7.    Plate  7.  Tendon  of  Lamb  T.  S.  x  70. 
No.  14.    Sec.  II.    No.  7.    Primary  Tissue,  pp.  25-8.    Plate  7.  L.  8.  through 
apex  of  root  of  Maize  (Sachs). 
^         „        Methods  of  Microscopical  Research. 

Part  YII.    Stains  and  Staining,    pp.  xli.-iv.    [Swm,  p.  310.] 
Part  YIII.    pp.  xlv.-viiu   Mounting.    (Slides.    (Covers.    Cleaning  Covers 
and  Slips.    Labels.    Transference  of  Sections.    1.  The  floating  method. 
2.  Transferring  with  brushes.    3.  By  section-lifters.) 
„         „        Popular  Microscopical  Studies.    No.  6.   A  Grain  of  Wheat  (cm- 
tinned),    pp.  25-8.    Piute  6.  Germination  of  Wheat. 
Dat,  F.  M. — ^The  microscopical   examination  of  Timber  with  regard  to  its 
strength. 
[Title  only  of  paper  read  before  American  Philosophical  Society,  21st  Dec. 
1883.1  * 

Amer,  Nat,,  XVIII.  (1884)  p.  333. 
DiEKELT,  F. — See  Cleaning. 

DiMMOCK,  G.— Pure  carmiuio  acid  for  colouring   microscopical    preparations. 
lPo8tf\  Amer.  Nat,,  XVIII.  (1884)  pp.  324-7. 

„  „        See  Minot,  C.  S. 

Erbeba,  L. — See  Houard,  A. 
Fastening  Insects  and  other  small  forms  for  dissection. 

[In  such  dissections  one  occasionally  experiences  considerable  difficulty  in 
fastening  the  object  in  the  dissecting  pan.  Pins  are  inconvenient  as 
they  are  in  the  way,  and  besides  they  frequently  injure  portions  of  the 
specimen.  These  ditHculties  may,  however,  be  uvoidea  by  partially 
imbedding  the  object  in  wax  or  paraffin,  which,  however,  should  not 
extend  above  the  iitiddle  line  of  the  body.  The  paraffin  and  the  imbedded 
object  Dfiay  then  be  readily  fastened  in  the  dissecting  tank,  or,  when  it  is 
necessary  to  stop  operations,  the  paraffin  and  object  may  be  placed  in 
alcohol.] 

Science  Record,  II.  (1884)  p.  86. 
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Fearni.kt,  W.— On  a  new  and  vimple  method  of  applying  air-preame  to  WoUTs 
U'ttlcH.    IPost.']  BrU.  Med.  Jomm^  1883,  pp.  85^-60  (2  figa.) 

FESNKhsv,  K.  li. — Blicrnaoopic. 

[A  Tin*  pntty  Blide,  ami  one  very  eaaily  made,  is  the  raphtdes  in  the  Mp 
of  tlic  tlaffttdil.  It  ia  only  neoeaaary  to  aqueeae  oat  a  drop  of  aap  from 
tlio  flowering  stem  on  to  a  alidc,  and  on  ita  dryine,  which  may  oecnr 
it{)ont»n(  ouHly.  or  Iw  done  over  a  apirit-lamp,  we  find  bnndreda  of  crratela 
atri'wn  over  the  field  of  view.  With  tlie  prilariaoope  they  are  exoeedingly 
inleretiting  and  brilliant  If  we  drop  ofer  the  wanned  glaaa  a  littk 
Canada  Udaam,  wo  can  preaa  on  a  coYor-glaaa.] 

£njL  Medu,  XXXDL  (1884)  p.  31. 
Fkancxitte,  p. — Nouvcaux  reoctifo  colcaraiitd.    (New  ataining  reagenta.)    [Poft^ 

Bull,  &c.  Belg.  Mier^  X.  (1884)  pp.  75-7. 
(>A(;k,  S.  II.,  and  T.  Smith. — Section-flattcnfr  for  dry  aeotion-catting. 

[S'ipr.i,  p.  314.]  The  Microacope,  IV.  (1884)  pp.  25-7  (1  fig.). 

CiiEKKF,  II.— Ftirbirei  zu  mikruakopiachcn  Zwcoken.    (Staina  for  mioroaoopieal 

puriMwea.)  Zt-itschr.  f.  Wi$a.  Mikr^  I.  (1884)  pp.  62-100. 

(iiLTAY,  K. — Uel)cr  die  Art  der  Verufientlichung  neuer  Beaetiona-  nnd  Tinc- 
tioiiriiiu-thiMlon.    (On  the  mode  of  publication  of  new  reactions  and  ataina.) 

Zi'itschr,  f  Wias.  Mikr.,  I.  (1884)  pp.  101-2. 
CiiiANT,  J. — Mionwoopic  Mounting.    YIII.  Hardening  and  Wet  Moimting. 

[1.  Iliirdcninu:  agents;  alcohol  and  chrome  solutions;  water.  2.  The 
prucesti  of  hardening.] 

Engl.  MecL,  XXXVIU.  (1884)  pp.  517-9. 
Hall,  J. — Preimration  of  Rock-sectiona. 

[Title  onlv  of  ]>iii)er  read  -at  mi*eting  of  Society  of  Naturalists  of  the  Eastern 
United  Stated.] 

Amer,  Nat,  XVIIL  (1884)  p.  224. 

IIammn,  F.  M. — [**  Advises  the  ui»  of  crimson  lake  as  a  colour  for  tlie  ground  of 

omque  mounts.     When  the  object  is  white  he  ronbiders  this  better  than  a 

biRck  ground,  hut  for  objiH^tn  of  diffi'rent  colours  he  selects  a  ground  which 

Bceius  to  bhow  thi-ni  best.'*] 

Amer.  Mon.  Micr,  Joum.,  V.  (1884)  p.  87. 
llArt»HOFKii,    K. — Beitrage  znr    Mikroskopischeu  Analyse.    (Contributions   to 
Microscopicid  Analyi»id.)    [Post.'] 

&Ii,  K.  Baycrisch.  Akad.  Wiss,,  XIII.  (1883)  pp.  436-48  (1  pi ). 
Hitchcock,  R.—Micrusi'opicidTeohnic.    I.  Apparatus  and  Material.    H.  Mount- 
ing in  general. 

Amer,  Mon,  Mlcr,  Jvum,,  V.  (1884)  pp.  27-31,  51-2. 
,,  ,,    Imbedding  Diatoms  for  making  sections.     [Post.^ 

Amer,  Mvn.  Micr.  Jotirn,,  V.  (1884)  pp.  54-^. 
Ikupen,  J.  E. — Remarks  on  Mounting  in  Phosphorus. 

[An  attempt  id  being  made  to  mount  diatoms  in  absolutely  solid 
phoBphorus.] 

Jouni.  Quck.  Micr,  Ciub,  I.  (1884)  p.  334. 
Insley,  H. — Preparation  of  Ooal. 

[Has  tiie<l  section-making  of  every  kind  of  iiro  coal  he  could  get,  grinding 
as  thin  eh  poesible,— could  get  no  light  to  pass  through  the  section  on 
account  of  the  presence  of  so  much  colouring  matter.] 

Midi,  Nat.y  VII.  (1884)  p.  51. 
Kain,  C.  H. — Some  thoughts  about  Mounting. 

[Di^cu88iun  of  various  media.—  **  Some  experiments  by  Mr.  £.  £.  Read,  of 
the  Oamden  Microscopical  Society,  would  seem  to  indicate  that  cosmoline 
may  prove  a  valuable  medium  in  which  to  mount  the  stan*bes.  The 
starch-grains  are  certainly  remarkably  well  displayed  in  it.  How  perma- 
nent the  mounts  may  prove  is  a  question  of  time.  It  is  not  improbable 
that  several  of  the  petroleum  products— even  the  plebeian  kerosene  itself — 
may  be  found  n(jt  unworthy  of  the  microscopist*s  attention." — "Dr. 
W.  W.  Munson  some  time  ago  called  attention  to  the  preservative 
properties  of   a   solution  of  hydrate  of  chlonil|  and    the  medium  is 
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evidently  deserving  of  more  attention  than  it  has  had.  A  slide  of  alg» 
pat  np  in  this  solution  over  four  years  ago  still  remains  as  bright  and  pure 
as  when  first  mounted,  and,  what  is  quite  important,  the  oell  contents  of 
the  alge  appear  to  be  less  contracted  than  is  usually  the  case." — Cells 
and  Cements.! 

Mkr.  BM,  I.  (1884)  pp.  9-11. 

Karop,  G.  C. — Schering's  patent  Celloidin  for  Imbedding.    ISupra,  p.  313.] 

Joum.  Quek,  Micr,  Club,  I.  (1884)  pp.  827-8. 
KiHGSLET,  J.  S. —  A  new  Cabinet  for  Slides.    [Supra,  p.  320.] 

Science  Record,  II.  (1884)  p.  67  (1  fig.). 
KiTTON,  F. — Glass  Cells. 

[Directions  for  perforating  thin  glass  and  thick  glass  slips.] 

8ci,'Qo8sip,  1884,  p.  41. 

M         „      On  Gum  Styrax  as  a  medium  for  Mounting  Diatoms. 

[Supra,  p.  318.]  Sci.-Oossip,  1884,  p.  66. 

Mabpmakn,  G. — Die  Spaltpilze.     (The  Schizomycetes.)    193  pp.  and  25  figs. 
8yo,  Halle,  1884. 
[Contains  a  chapter  on  **  Methods  of  Research,"  pp.  107-13.] 
MHiis,  J.  L.  W. — Mounting  in  Canada  Balsam. 

[Report  of  meeting  of  Mounting  Section  of  the  Manchester  Microscopical 
Society.  Mentions  that  a  **new  oell  haying  alternate  elevations  and 
depressions  has  been  devised  by  a  member  of  the  section,  in  the  use  of 
which,  bv  leaving  an  excess  of  babam  round  the  cell  and  oover-glass, 
air-bubbles  ultimately  escape  through  the  spaces  and  loss  by  evaporation 
of  essential  oil  in  the  balsam  is  provided  for."] 

Micr.  Nem,  TV.  (1884)  pp.  55-6. 
MiHOT,  C.  S. — Classification  of  Microscopic  Slides. 

[Abo  includes  a  note  on  Dr.  Dimmock's  plan.    [Post.'] 

Science  Record,  II.  (1884)  p.  65. 
MrroHELL,  C.  L. — SUining  with  Hamatoxylon.    [Supra,  p.  311.] 

Proc.  Acad.  Nat.  Sci.  Philad.  (1883)  pp.  297-300. 
Gsborn,  H.  F. — Method  for  Double  Injections. 

[Tho  veins  are  first  injected  through  the  arteries  with  coloured  gelatine  and 
then  a  differently  coloured  plaster  of  Paris  is  injected  in  the  same  way, 
forcing  the  gelatine  before  it,  but  as  this  stops  at  the  capillaries,  the 
arteries  and  veins  can  readily  be  distinguished.] 

Science  Record,  II.  (1884)  p.  84. 
Owen,  E.  W. — See  Clenning. 

Pillsbuby's  (J.  H.)  New  case  for  Mailing  Slides.    [Post.l 

Science  Re&ird,  it  (1884)  p.  86  (2  figs,). 
Micr.  Bull.,  I.  (1884)  p.  12  (2  figs.). 

The  Microscope,  IV.  (1884)  p.  41  and  Advt  i.  (2  figs.). 
Pbikz,  W. — See  Renard,  A. 

Quben's  (J.  W.  &  Co.)  Slides  of  Animal  Hairs  and  Fibres  (textile).  Vegetable 
Esculents  and  Adulterations.  Micr.  Bull.,  I.  (1884)  p.  13. 

Rasmussen,  a.  F. — Om  Dyrkning  af  Mikroorganismer  fra  Spyt  af  sunde  Men- 
nesker.  (On  the  culture  of  Micro-organisms  from  the  sputum  of  healthy  men.) 
136  pp.  and  2  pis.    8vo,  Copenhagen,  1883, 

Remabd,  a.,  L.  Ebbeba,  Casse,  and  W.  Frinz. — Discussion  on  the  present  con- 
dition of  Physiological  Chemibtry  and  the  advantage  of  the  employment  of 
Microchemical  methods. 

Bull.  Soc.  Belg.  Micr.,  X.  (1884)  pp.  67-9. 

SoBAABSOHHiDT,  J. — Uebcr  die  Mikrochemische  Reaction  des  Solanin.  (On  the 
Microchemical  Reaction  of  Solanin.) 

Zeitschr.  f.  Wiss.  Mikr.,  I.  (1884)  p.  61-2. 
Shabpe,  B. — Various  methods  of  Carmine  Staining. 

[Title  only  of  paper  read  at  meeting  of  Society  of  Naturalists  of  the  Eastern 
United  States.] 

Amer.  Nat.,  XVIII.  (1884)  p.  224. 
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Slack.  H.  J.— PloaMnt  Hoan  with  the  Micranope. 

[OimnMrnxaluiU— Hjmbious— Lieheiu   and  the   Bdiwendfloermn    Thaoiy. 
rTnu'hclomotuida  and  Ama*»€e}  {^Astagia  trickopkora]  [Flower  and  PoUea  of 
Hazel,  Of  niiirtipeniui,  &r.] 
Kno'lfd}>\  V.  (18M)  pii.  82-3  (1  flg.^  pp.  109-10  (2  figa).  pp.  141-2  (6  figiX 

w*.  Xyi-w  ('J  fipi.). 

Pmitii,  T.— Sif  Gage,  8.  H. 

Smith.  W.  1>. — Now  moilirication  of  a  Turntable. 

[An  Btteni]»t  tn  tinitti  in  one  piece  uf  apparatoe  the  most  raloable  pointi  in 
Kin  no**  and  Dunnintr's  inntminenU.  It  oonsisU  of  a  ciroolar  braes  plate, 
on  the  undiT  sidit  of  which  in  a  le?er  having  its  fakiiim  on  the  axle  of  the 
talilo.  Thid  lever  rouves  two  arms  which  work  in  slots  oat  in  the  plate 
su  that  they  always  approach  or  recede  from  the  centre  in  an  exactly 
v<\\\u\  (UpH'c.  The  anus  carry  on  the  upper  side  of  the  plate  two  flat 
pit -CCS  of  brass  2  in.  in  length,  which  grasp  the  slide,  one  of  these  being 
tixftl  at  right  angles  to  the  ftlot,  anii  the  other  pivoted  so  aa  to  be  abk  to 
ndjiifit  itiiclf  to  the  slide,  as  in  Dunning*s  instrument.] 

Jimm,  Quek.  MUtr.  Ovh,  L  (1884)  p.  31. 
SMiTii's  (II.)  now  Mounting  Medium.    [S'tpnt,  p,  319.] 

Joum,  Que/t.  Mikr,  Ouh,  I.  QSSi)  pp.  833-4. 
SoLLAS,  W.  J. — An  improvement  in  the  method  of  using  the  Freenng  Microtome. 
[.V'';)ivi,  p.  810.1  Quart.  Joum.  Micr,  &L,  XXIV.  (1884)  pp.  163-4. 

Ptilluon,  J.  O.— Cabinet  for  Objects.     [Posf.] 

Proc.  Atwr.  Sjc.  Micr^  6th  Ann.  Meeting,  1888,  p.  237. 
Btreko,  a. — A  new  Micruchemical  Test  for  Sodium. 

JiO^rb,  /.  Mineral,,  1883,  XL.  Bef.  p.  86S. 
Ree  Joum.  Chem.  .9oc.— Abstr.,  XL VI.  (1884)  pp.  36e-7. 
Up  de  Grapf,  T.  S. — Measuring  Bl»x>l-oorpu8cles. 

[Ucinarks  on  G.  M.  Vorce's  article  and  B.  Hitchcock's  oomments,  oate^ 
p.  159.] 

Amer,  Hon,  Micr,  Joam^  V.  (1884)  pp.  26-7. 
W.,  A.  L.— Bco  Cleaning. 
W.,  D.  8. — See  Cleaning. 
Well8,  8. — StKj  Cleaning. 
White,  T.  C. — Method  of  preparing  Sections  of  Hard  Tissues. 

[First  **  Demonstrution "  of  the  second  series,  with  remarks  by  J.  E.  Ady 
on  preparing  and  mounting  bections  of  teetli  and  bone,  supra,  p.  304.] 

Joum.  Quek.  Micr.  C/ii6,  I.  (1884)  p.  330-2. 
Wilson,  E.  B. — Methods  of  Section-cutting. 

[Title  only  of  paper  read  at  meeting  of  Socii^ty  of  Naturalists  of  the  Eastern 
United  States.] 

Amcr.  Xaty  XVIH.  (1884)  p.  224. 
Wright,  Jj. — Mounted  Insect  Preparations. 

[Commendation  of  A.  Topping's  preparations.] 

Kngl.  Mech.y  XXXIX.  (1884)  p.  34. 
Zentmater's  (J.)  now  Centering  Turntable,    [/'osf.] 

Amer.  Mon.  Micr.  Jotim.,  V.  (1884)  p.  23  (I  fig.). 
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Annual  Mkktino  of  13th  Fkbruart,  1884,  at  King's  Colleob, 
Stband,  W.C,  thb  Prebidknt  (Prof.  P.  Martin  Duncan,  F.R.S.) 
IN  THB  Chair. 

The  Minutes  of  the  meeting  of  9tb  Jannary  last  were  read  and 
confirmed,  and  were  signed  by  the  President. 


The  List  of  Donations  (exclusive  of  exchanges  and  reprints)  re- 
ceiyed  since  the  last  meeting,  was  submitted,  and  the  thanks  of  the 
Society  given  to  the  donors. 

From 
Owen,  B. — On  ParthenogenesiB.    76  pp.  and  1  pi.    8vo,  Lon- 
don, 1849. 
Biebold,  G.  T.  E.  v. — On  a  True  Parthenogenesis  in  Moths  and 
Bees.     (Translated  by  W.  8.  Dallas.)     viii.  and  110  pp. 

and  1  pi.    8?o,  London,  1857.  Mr,  Crisp, 

6  Slides  of  GrystaU  of  Uric  Acid,  from  Lepidoptera         ..      ..  Mr,  C,  M.  Vorce, 


The  Eeport  of  the  Council  was  read  by  Mr.  Crisp  (see  p.  829). 

The  adoption  of  the  Beport  was  moved  by  Mr  Glaisher,  who  con- 
gratulated the  Society  upon  its  extremely  satisfactory  nature,  and 
having  been  seconded  by  Mr.  Michael,  was  put  to  the  meeting  and 
carried  unanimously. 

The  Treasurer  fDr.  Beale,  F.E.S.)  read  his  Statement  of  the 
Income  and  Expenditure  of  the  Society  for  the  past  year,  which 
showed  that  more  than  750/.  had  been  received  from  Fellows. 

The  adoption  of  the  Treasurer's  Statement  was  moved  by 
Mr.  Glaisher,  who  said  that  he  regarded  it  as  one  of  the  most  pleasing 
fJAots  connected  with  the  Society  that  they  were  progressing  in  the 
manner  shown  by  these  reports,  and  he  urged  upon  eyery  Fellow  of 
the  Society  to  do  all  that  could  be  done  to  still  further  advance  their 
position  so  as  to  place  them  in  the  first  rank  amongst  Societies. 

Dr.  Millar  seconded  the  motion,  which  was  put  and  carried  unani- 
mously. 

The  List  of  Fellows  proposed  as  Officers  and  Council  for  tho 
ensuing  year  was  read  as  follows  : — 

Fretidenlr—^IXQY.  W.  H.  Dallinger,  F.R.S. 

Vice- Presidents^* J o\m  Anthony,  Esq.,  M.D.,  F.R.C.P.L. ;  *Prof. 
P.  Martin  Duncan,  M.B.,  F.H.S.;  James  Ghiisher,  Esq.,  F.R.S., 
F.B.A.S. ;  Charles  Stewart,  Esq.,  M.B.C.S.,  F.L.S. 

Treflwurcr.— Lionel  S.  Beale,  Esq.,  M.B.,  F.B.C.P.,  F.R.S. 

*  Have  not  held  daring  the  preceding  year  the  office  for  which  they  arc 
nominated. 
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Srn-etarien—Tnxik  Crwp,  Esq.,  LL.B^  RA.,  V J*.  A  Tieaa.  LA ; 
Prof.  F.  JeffWy  Bell,  M.A.,  FJZ.S. 

Ttcf'hf  t4her  Memlpersof  Council— A.  W.  Bennett,  Esq.,  M.  A.,  BJ8c^ 
F.L.S. ;  •KuUrt  Braithwaito,  Esq.,  M.D.,  M.R.C5.,  F.L.S. ;  *G.  F. 
I>o\vdi-8welK  Ktu|.,  M.A.  ;  J.  William  Groyes,  Esq. ;  John  K  Ingpen, 
F^q. ;  John  MntthewH,  Esq.,  M.D. ;  John  Majall,  Esq.,  jnn.;  Albert 
D.  Micha<l,  E8<i.,  F.L.S. ;  John  Millar,  Esq^  L.R.C.P^  F.L.a; 
•Willittin  Miliar  Onl,  E«i.,  M.D.,  F  R.C.P. ;  •Urban  Pritchard,  Esq, 
M.D. ;  William  Thomas  Saffolk,  Esq. 

llilr.  dirties  and  Mr.  Crouch  haying  been  appointed  Scmtineera  hj 
the  President,  the  ballot  was  proceeded  with,  and  the  Scratineen 
haying  liaiidc<l  in  th<'ir  report  of  the  result,  the  President  declared 
the  Fellows  who  had  been  nominated  to  be  duly  elected  as  Officers 
and  Council  for  the  ensuing  year. 


The  President  then  read  his  Address  (see  p.  173),  in  which  he  dealt 
princii>ally  with  low-power  objectiyes,  congratulating  the  Society  upon 
the  groat  progress  which  had  taken  place  since  his  first  address  in 
the  comprelienRion  of  the  subject  of  aperture  and  in  the  nse  of  the 
numerical  a|>erture  nutation. 

Dr.  Anthony  said  that  the  pleasing  duty  deyoWed  upon  him  of 
returning  thanks  to  the  President  for  his  address.  He  would  also 
add  to  this  tlio  thanks  of  the  Society  for  his  three  years*  seryices  as 
their  President.  Ho  did  not  hayo  the  pleasure  of  personally  hearing 
the  preyious  addresses,  but  ho  read  them  with  charm  in  the  Joumu 
(as  ho  hoped  to  read  the  one  they  had  just  heard) ;  indeed,  the  first  one 
ho  had  Ui/t  only  read  once  but  three  times,  and  thought  he  might 
say  he  had  not  done  with  it  yet.  Ho  had  that  oyening  had  the  pleasure 
of  hearing  some  things  which  ho  know  before  but  which  had  been 
placed  in  a  new  light ;  but  in  addition  to  these  there  was  much  which 
ho  did  not  know,  and  he  might  refer  especially  to  the  interest  of  the 
remarks  as  to  the  Bacteria.  He  would  yenture  also  to  recognize  warmly 
the  admirable  manner  in  which  the  President  had  met  all  with  whom 
he  had  como  in  contact,  and  his  able  conduct  in  the  Chair.  If  he 
might  be  allowed  to  use  a  simile,  he  might  say  that  the  yersatility 
of  the  President's  qualifications  reminded  of  the  mighty  power  of  a 
Nasmyth's  hammer,  which  whilo  it  was  able  to  shape  a  ton  of  glowing 
metal  could  neyerthelcss  bo  made  to  crack  a  single  nut.  Ho  had  great 
pleasure  in  proposing  a  yote  of  thanks  to  the  President  for  the  address 
and  for  tho  able  manner  in  which  he  had  fulfilled  the  duties  of  his 
office  during  the  last  three  years. 

Mr.  Crisp,  in  seconding  the  motion,  said  that  in  his  experience 
they  neyer  had  a  President  who  had  giyen  more  attention  to  his  dnties 
or  who  had  been  more  ready  to  adyanco  the  Society*8  interests,  whilst 
at  their  meetings  he  was  always  ready  to  deal  with  whateyer  subject 
might  bo  before  them,  and  to  throw  light  upon  it. 

•  Have  not  heM  during  tho  preceding  year  tho  ofBco  for  which  they  are 
nominated. 
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Dr.  Anthony  having  put  the  proposition  to  the  meeting,  it  was 
carried  by  acclamation. 

Prof.  Dancan,  in  thanking  the  Fellows  for  the  yery  warm  manner 
in  which  the  vote  of  thanks  had  been  received,  said  they  could  perhaps 
hardly  realize  what  a  feeling  of  satisfaction  arose  in  his  mind  when 
he  found  that  they  were  parting  from  each  other  under  such  very 
^ratifying  circumstances.  Throughout  his  triple  term  of  office  nothing 
oisagreeable  had  ever  happened,  and  as  to  their  general  prosperity,  the 
state  of  their  finances  would  afford  conclusive  proof  as  to  that, 
apart  from  the  fact  that  no  less  than  143  Fellows  had  been  elected 
during  the  three  years.  With  regard  to  his  successor  he  could  only 
say  that  he  believed  that  they  would  find  the  Bev.  Mr.  Dallinger  a 
most  admirable  President,  and  one  well  qualified  in  every  way  to  fill 
the  position  to  which  he  had  been  elected. 


The  following  Instnunents,  Objects,  &c„  were  exhibited  :— 
Mr.  T.  Bolton : — Badllaria  paradoxa, 

Mr.  F.  E.  Cheshire: — Inosculating  Muscular  Fibres  from  the 
dorsal  vessel  of  Apia  mellifica  (third  segment). 
Mr.  Crisp : — 
(1)  Hirschwald's  Goniometer  Microscope. 
I  (2^  Nelson's  Student's  Microscope. 

(3)  Pringsheim's  Photo-chemical  Microscope. 

(4)  Schieck's  Corneal  Microscope. 
Mr.  Bosseter : — Stephanoceros  Eichhomii, 

Mr.  C.  M.  Vorce : — Crystals  of  Uric  Acid  from  Lepidoptera. 


Hew  Fellows : — The  following  were  elected  Ordinary  Fellows : — 
Messrs.  William  H.  Bates,  M.D.,  John  Bennett,  William  £.  Damon, 
Richard  L.  Mostayer,  A.S.C.E.,  John  Morley,  and  William  Wales. 


Ill       ■  n 


REPORT  OF  THE  COUNCIL  FOR  1883. 

Fellows, — The  number  of  new  Ordinary  Fellows  elected  during 
1883  was  53,  as  against  40  in  1882.  After  deducting  28  Fellows 
(2  of  whom  were  compounders)  who  have  died  or  resigned,  this 
leaves  a  net  increase  of  25  for  the  year,  and  an  addition  to  revenue 
of  44Z.  28,  per  annum. 

Of  the  Honorary  Fellows,  Dr.  F.  Pacini  died  during  1883,  and  in 
his  place  was  elected  Dr.  H.  van  Heurck,  of  the  Botanical  Gardens, 
Antwerp,  well  known  as  a  microscopist  and  for  his  excellent  synopsis 
of  Belgian  diatoms. 

The  list  now  includes  551  Ordinary,  50  Honorary,  and  83  Ex- 
offido  Fellows,  or  684  in  all. 

The  Council  are  of  opinion  that,  under  existing  circumstances,  the 
subscription  of  Foreign  Fellows  is  too  low.  For  a  payment  of  21«. 
per  annum  Fellows  residing  abroad,  within  the  limits  of  the  Postal 
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Union,  reoeiye  the  Jonmftl  post-free,  or  an  eqniyalent  of  82«.  The 
Conncil  recommend  that  after  the  present  year  (1884)  the  annual 
snbscription  for  Foreign  Fellows  shonld  not  be  less  than  81«.  6cl. 

Bevenue, — With  the  additions  to  the  number  of  Ordinary  Fellows, 
the  income  of  the  Society  has  continued  to  increase,  and  the  report 
of  the  Treasurer,  showing  a  total  receipt  of  8661.,  is  the  most 
satisfactory  report  which  the  Society  haye  ever  had  placed  before 
them. 

Library. — ^Mr.  Beeyes  haying  tendered  his  resignation  as  Librarian 
and  Assistant-Secretary,  the  Council  took  into  consideration  the 
question  of  recognizing  his  long  seryices  to  the  Societyi  and  resolyed 
to  recommend  to  the  Annual  Meeting  a  grant  to  him  of  lOOL  out  of 
the  capital  funds  of  the  Society. 

The  Council  selected,  as  Mr.  Beeyes*  successor,  Mr.  James  West, 
preyiously  assistant  in  the  library  of  the  Linnean  Society,  and  haye 
arranged  that  in  future  the  Library,  in  place  of  being  open  from  11 
to  4  as  formerly,  shall  be  open  from  10  to  5. 

Journal. — The  Journal  for  1888  contained  1000  pages,  the  exact 
limit  fixed  by  the  CounciL  The  index  has  been  frirther  improyed  by 
including  in  it  the  names  of  all  authors  whose  names  appear  in  the 
Bibliographical  lists,  so  that  a  reference  to  the  index  will  alone  be 
necessary  to  find  any  paper  noted  during  the  year.  Li  other  respects 
the  Jounial  has  been  continued  on  the  same  basis  as  before,  and  eyery 
care  has  been  taken  to  insure  that  no  paper  or  article  of  any  im- 
portance in  Microscopy  shall  escape  notice  in  the  pages  of  the 
Journal. 

The  sales  of  the  Journal  haye  steadily  increased  notwithstanding 
the  augmentation  in  price,  and  of  ithe  second  or  current  series  only  17 
sets  remain.  This  places  no  little  difficulty  in  the  way  of  a  satis- 
factory adjustment  of  the  Exchange  List,  which  must  necessarily  be 
still  further  curtailed  so  as  to  insure  at  least  25  sets  being  in  future 
left  in  the  Society's  hands.  The  Council  haye  been  reluctant  at 
present  to  increase  the  number  printed,  as  they  haye  felt  it  desirable 
to  limit  as  much  as  possible  the  expense  of  tiie  Journal  in  yiew  of 
the  probability  of  haying  to  engage  a  paid  editor  on  Mr.  Crisp 
relinquishing  the  honorary  editonwip. 

Papers. — The  papers  read  doring  the  year  haye  been  of  considerable 
interest,  and  haye  embraced  a  yariety  of  subjects,  including  Dr. 
Hudson's  on  "  New  Floscularice "  and  a  "  New  Asplanehna,**  Mr. 
Matthews'  on  the  "  Bed  Mould  of  Barley,"  Prof.  Abbe's  on  "  The 
Belation  of  Aperture  to  Power,"  Mr.  Loyett's  on  '*  Preparing  Embryo- 
logical  and  other  Delicate  Organisms,"  Mr.  Michael's  on  ''The 
Anatomy  of  the  OribatidaB,"  Mr.  Steam's  on  ''The  Use  of  In- 
candescence Electric  Lamps,"  Mr.  Waddington's  on  "  The  Action  of 
Tannin  on  the  Cilia  of  Infusoria,"  Messrs.  Morris  and  Henderson's 
on  "The  Bingworm  Fungus,"  Mr.  Beck's  on  "Cladocera  of  the 
English  Lakes,"  Mr.  Squire's  on  a  "  Method  for  Freserying  the  Fresh- 
water Medusffi,"  and  others  by  Prof.  Bell,  Mr.  Crisp,  Mr.  DowdesweU, 
Dr.  Maddox,  and  Dr.  Schroder. 
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UnTiNG  OF  12th  March,  1884,  at  Euro's  Collxox,  Strahd,  W.O^ 
The  Pbesident  (Ths  Rsv.  W.  H.  Dallinoih,  FJLS.)  ur  thb 
Chair. 

Mr.  Olaisher  said  ho  had  great  ploasnre  that  eyening  in  intro- 
ducing to  tho  Follows  their  now  President,  the  Rev.  W.  EL  Dallinger, 
F.B.S.,  whoso  name  was  so  familiar  to  most  of  them,  and  whose  work 
in  a  difficult  branch  of  microscopical  research  was  so  well  known.  He 
begged  therefore,  on  behalf  of  the  Fellows  of  the  Society,  to  offer  a 
most  hearty  welcome  to  Mr.  Dallinger,  on  the  occasion  of  his  taking 
his  scat  in  tho  Presidential  chair  for  tho  first  time. 

Tho  Rev.  W.  H.  Dallinger  (who  on  rising  was  received  with 
cheers)  said  that  it  was  with  very  considerable  pleasure  that  he 
occupied  that  evening  the  honourable  position  to  which  they  had 
elected  him,  and  he  thanked  them  sincerely  for  the  kind  manner  in 
which  they  hod  received  the  remarks  of  Mr.  Glaisher.  In  coming 
amongst  thuni  as  their  President,  he  confessed  to  feeling  a  certain 
amount  of  trepidation,  which  arose  in  part  from  the  newness  of  the 
position  to  whicli  he  had  been  elected,  jMu*tly  from  the  fS&ct  of  his  but 
slight  personal  acquaintance  with  so  many  of  the  Fellows  of  the 
Society  (although  he  was  well  acquainted  with  many  by  name),  but 
chiefly  from  the  consciousness  that  he  was  succeeding  a  President  who 
was  in  so  many  ways  better  qualified  to  fill  the  position,  and  whoso 
admirable  conduct  as  their  President  during  the  past  three  years  was 
so  well  known  and  so  cordially  acknowledged  by  all.  As  they  were 
no  doubt  aware,  his  own  work  with  the  Microscope  had  been  special 
rather  than  general ;  he  might  say  that  he  had  taken  a  small  comer 
of  a  very  large  field  and  had  endeavoured  to  work  it  thoroughly. 
Whilst,  however,  endeavouring  to  become  more  or  less  master  of  the 
special  point  which  he  had  made  his  study,  he  had  not  allowed  any- 
thing of  importance  which  concerned  microscopy  to  escape  notice, 
though  doubtless  there  were  many  points  to  which  he  had  not  devoted 
particular  attention.  Although,  therefore,  it  was  possible  that  he 
might  not  be  very  2)ronounced  on  some  points,  his  interest  in  the 
Microsco2)o  was  of  tho  deepest  kind,  and  his  strong  desire  was  that 
the  instrument,  whether  used  by  the  youngest  student  or  by  the  ad- 
vanced observer,  should  bo  scientifically  employed,  and  that  every 
effort  should  be  made  to  render  it  more  than  ever  a  means  of  pro- 
moting true  research. 

The  Minutes  of  the  meeting  of  13tb  February  last  were  read  and 
confirmed,  and  were  signed  by  the  President. 


The  List  of  Donations  (exclusive  of   exchanges  and  reprints) 

received  since  the  last  meeting  was  submitted,  and  the  thanks  of  the 

Society  given  to  the  donors. 

From 
7  vols,  of  tho  publicatioDS  of  the  PaloDontographical  Society  Mr.  Crisp, 

2  Slided  of  Btlcklebackfl Mr.  J,  Norman,  Jtnt, 
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lb.  John  Mayall,  jim.,  exiiibited  Mr.  Nelson's  microscope  lamp, 
embodying  several  modifications  and  improyements  which  he  had 
suggested  should  be  made  in  it  since  its  original  introduction. 
The  body  of  the  lamp  was  now  fitted  with  a  rack  and  pinion  move- 
ment by  which  it  could  be  easily  raised  or  lowered,  and  a  slight 
alteration  enabled  the  burner  to  be  brought  down  3/4  in.  nearer  to 
the  table  than  before.  An  adjustable  slot  diaphragm  plate  had  been 
made  to  fit  in  front  of  the  glass  of  the  lamp,  and  an  extra  groove  had 
been  provided  in  which  tinted  glass  might  be  placed.  The  cylindrical 
part  of  the  metal  chimney  was  now  made  so  that  an  opal  glass  re- 
flector could  be  inserted  if  desired. 

The  President  said  he  was  struck  with  the  description  of  the  lamp 
in  its  original  form  which  had  appeared  in  the  Journal  of  the  Society, 
and  he  was  very  desirous  of  examining  it  further.  The  ability  to 
lower  the  lamp  so  much  was  a  most  useful  feature,  the  fault  of  most 
lamps  being  that  they  could  not  be  brought  low  enough  for  many 
purposes.  

Kr.  E.  Ward's  new  cells,  devised  by  Mr.  Wilks  for  mounting  with' 
out  pressure  in  Canada  Balsam,  were  exhibited  (see  p.  325). 


Herr  E.  Booker's  improved  form  of  freezing  microtome  was  ex- 
hibited by  Mr.  J.  Mayall,  jun. 

Mr.  J.  W.  Groves  said  that  the  diagonal  motion  given  to  the  knife 
was  very  ingenious.  There  was  also  an  ingenious  automatic  arrange- 
ment by  which  the  specimen  was  raised  after  making  each  cut  so  as 
to  be  in  position  for  the  next  section.  A  screw .  adjustment  enabled 
the  thickuess  of  the  sections  to  be  controlled,  and  when  once  set,  any 
number  of  consecutive  sections  could  be  cut  of  the  same  thickness 
by  simply  repeating  the  movement  of  the  razor. 

Mr.  Crisp,  in  reply  to  a  question  from  Mr.  Michael,  referred  to  the 
description  given  in  the  Journal  of  the  instrument  in  its  original  form, 
and  read  extracts  therefrom. 

Mr.  Beck  said  that  he  thought  the  object  in  introducing  a  new 
piece  of  apparatus  should  be  increased  simplicity  of  construction,  and 
he  should  like  to  know  if  it  was  claimed  that  the  new  microtome 
could  cut  a  section  very  much  better  than  any  other,  because  if  not 
he  hardly  saw  what  utility  there  was  in  introducing  it.  Any  one  who 
was  in  the  habit  of  cutting  thin  sections  would  be  aware  how  very  in- 
convenient it  was  to  have  to  wipe  up  and  clean  a  complicated  instru- 
ment, as  compared  with  a  more  simple  one.  Those  who  had  much 
practical  experience  of  section  cutting  knew  that  the  difficulty  lay 
more  with  the  substance  to  be  cut,  as  to  its  condition,  freshness,  hard- 
ness, &c.,  than  with  the  instrument  with  which  they  cut  it. 

Mr.  Crisp  mentioned  with  regret  that  since  their  last  meeting  they 
had  received  an  intimation  of  the  death  of  Mr.  Charles  Stodder,  of 
Boston,  who  had  always  been  very  kind  and  courteous  in  his  relations 
with  the  officers  of  the  Society. 
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Kr.  B.  H.  Orifitli*!  note  on  m  mnltiple  eye-pieoe  wm  ntd  1^ 
Mr.  Crisp,  and  his  diagram  in  illnatamtion  enlaiged  vpoQ  the  boara. 
Mr.  Griffith  propoees  to  aet  the  diflerant  eje-lenaea  in  a  lefolnag 
dii»k  with  projecting  milled  edge,  the  diaphiagm  with  different  aian 
apertures  being  arranged  in  the  aame  waj.  A  draw-tnbe  is  jsofided 
to  vary  the  length  of  the  eye-pieoe. 


Mr.  CrifD  road  the  following  letter  which  had  been  reoeifed  on 
behalf  of  a  Microscopical  Society  of  Ladies  at  San  Franeiaoo : — 

San  Fmadsoo,  GbL,  Jan.  14, 18M. 

Deab  Sib, — I  have  the  honour  to  annonnoe  to  yon  that  at  die 
instance  of  Prof.  Henry  6.  Hanks,  onr  State  Mineralogist,  we  in 
the  sammer  of  1882  moYcd  in  the  matter  of  the  organisation  of  a 
Microscopical  Society,  whose  membership  should  oonaist  entirely  of 
women.  Angnst  10th,  1882,  a  few  ladies  joined  me  in  my  elass-room 
(I  am  a  teacher  in  the  Girls*  High  School  of  this  city),  and  together 
we  organized  a  Society  to  be  known  as  the  CSalifomia  Mieroeoomeal 
Society.  Wo  elected  Mrs.  Mary  W.  Kinoaid  onr  IVeaidentb 
Ang.  20th,  1883,  wo  incorporated  onr  Society  nnder  the  laws  of  Osli- 
fomia,  and  re-elected  Mrs.  Kincaid  as  President.  Now,  in  1884,  at 
the  suggestion  of  Mr.  Hanks,  we  formally  annonnoe  onnelfea  to 
you. 

Wo  have  twenty-fivo  members,  the  use  of  seTeral  fineinstmmentSi 
aro  interested  in  onr  work,  and  hope  to  increase  both  onr  numbers  and 
usefulness. 

Mr.  Hanks  says  that  so  far  as  he  is  aware,  the  California  Micro- 
scopical Society  is  the  only  one  in  the  world  whose  membership 
consists  entirely  of  women. 

Trusting  that  yon  may  be  pleased  to  extend  us  a  word  of  oheer. 

Wo  remain  very  tmly  yours, 

Mabt  L.  HoFTMAir, 

Secretary  OJLS. 
Frank  Crisp,  Esq.,  F.R.M.S.,  London. 

Mr.  Beck  presumed  that  this  letter  would  bo  suitably  acknowledged 
and  entered  upon  the  minutes.  He  was  very  glad  to  hear  of  tihis 
Society's  existence,  for  there  was  a  very  wide  field  in  which  ladies 
could  work  most  efficiently  and  for  which  their  manipnlatiye  skill 
particularly  fitted  them. 

The  President  said  it  was  quite  in  harmony  with  the  subject  to 
mention  that  a  notice  was  that  evening  given  for  the  next  meeting  of 
the  Council  as  to  ladies  being  admitted  into  this  Society. 

Mr.  Crisp  said  that  there  was  one  other  Ladies'  Miorosoopioal 
Society  already  in  oxistenco — the  Wellesley  Collie  Society. 


Mr.  John  Brennan's  letter  as  to  his  disoovery  of  the  nature  of  the 
potato  blight  was  road. 
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Kr.  Crisp  exhibited  Schieck's  No.  8  Microscope  in  which  a  fine 
adjustment  was  obtained  by  tilting  the  stage  at  one  end.  This  plan 
had  been  commented  upon  nnfayonrablj  at  one  of  the  meetings  of  the 
Society  some  years  back,  but  it  was  pointed  out  in  answer  by  some 
Glerman  writers  that  sufficient  attention  had  not  been  given  to  the 
fact  that  it  was  only  applied  to  quite  cheap  forms  of  stand.  High 
powers  would  not  be  used  with  these  stands  and  therefore  the  deviation 
of  the  stage  from  a  plane  would  be  hardly  perceptible,  and  it  was 
alleged  that  no  better  form  of  fine  adjustment  could  be  found  without 
departing  from  the  essence  of  the  problem,  i.  e.  maintaining  the  low 
price  of  the  instruments. 

CoL  O'Hara's  further  communication  on  some  peculiarities  of 
form  in  blood-corpusdes,  with  five  enlarged  photographs,  was  read. 


Mr.  Bosseter's  paper  <'  On  an  Annular  Musctdar  Formation  in 
St^hanoceros  Eiehhornii  "  was  read. 

Mr.  Crisp  said  that  the  authorities  whom  he  had  consulted  on  the 
subject,  including  Dr.  Hudson,  had  not  observed  any  such  circular 
muscles  in  a  rotifer  as  were  drawn  by  Mr.  Bosseter,  though  they  were 
not  prepared  to  say  such  a  lu8U8  naturce  was  impossible.  Dr.  Hudson 
thought  it  remarkisible  how  experts  differed.  Ehrenberg  as  well  as 
Bosseter  gave  four  pairs  of  muscles  in  Stephanoceros.  Oosse  gives 
five,  while  he  (Dr.  Hudson)  considers  there  are  six  pairs,  one  pair 
being  almost  invariably  hidden  from  view,  whichever  position  of  the 
animal  happens  to  be  caught.  It  can  be  readily  understood  how,  if  a 
glass  tube  had  lines  ruled  down  its  length,  some  (at  the  sides  of  the 
field  of  view)  would  always  be  projected  on  each  other,  and  confounded 
with  the  two  edges. 

Mr.  Massee's  paper  <*  On  the  Function  and  Growth  of  Cells  in  the 
genus Polysiphonia"  was  read  by  Prof.  Bell  (see  p.  198). 

Mr.  Bennett  thought  that  the  great  interest  attaching  to  this  paper 
was  the  illustration  which  it  afforded  of  the  continuity  of  protoplasm. 
The  slides  exhibited  required,  however,  a  higher  power  than  was 
applied  to  them  under  the  Microscope  upon  the  table,  in  order  to 
demonstrate  the  &ct  of  their  absolute  continuity,  but  he  might  say 
that  he  had  subjected  them  to  examination  with  the  highest  powers, 
and  could  find  no  break  in  the  continuity.  Botanists  would,  he  thought, 
be  agreed  that  this  theory  of  the  continuity  of  protoplasm  was  without 
doubt  the  most  important  discovery  of  its  kind  which  had  been  made 
of  late  years.  Prof.  Percival  Wright,  of  Dublin,  was  the  first  to  call 
attention  to  it,  and  from  the  observations  of  others  who  had  followed, 
it  seemed  clear  that  the  old  idea  that  the  cell  was  an  element  in  itself, 
would  have  to  be  abandoned.  The  discovery  was  also  of  the  greatest 
importance  in  explaining  the  irritability  of  the  organs  of  plants,  such 
as  the  leaves  of  me  Mimosa,  and  he  could  only  express  a  hope  that 
the  further  attention  called  to  the  subject  by  this  paper  wouhi  lead 
to  more  conclusive  evidence  being  obtained. 

Mr.  Groves  said  he  had  lately  tried  to  repeat  Mr.  Gardiner's 
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oxperimonta,  but  found  at  first  a  good  deal  of  difficnlty.  He  had,  how- 
oYcr,  boon  more  snocoasfol  by  treatment  with  dilate  solpharic  add, 
and  then  staining  the  oells,  by  whioh  means  he  pzoved  most  oon- 
closivoly  that  the  cells  were  connected  with  each  oUier.  In  reply  to 
a  quostion  from  Mr.  Bennett,  he  stated  that  he  had  experimented  with 
different  parts  of  ti^eraitittm,  VaUisnerick^  and  other  plants,  and  had  been 
saccessfnl  in  eyory  case. 


Pro£  Reinsch*8  paper  on  "  Bacteria  and  Microscopic  Algie  on  the 
sorfaco  of  Coins  in  cnrrency,"  was  read  by  Mr.  Crisp,  in  which  the 
author  described  tho  constant  presence  of  large  nnmbers  of  different 
species  of  bacteria  and  algad  on  all  silver  and  oopper  coins  which  ha?e 
been  several  years  in  currency. 

The  President  said  that  in  the  form  in  which  these  &cts  were 
presented,  they  were  new  to  him,  but  he  did  not  think  the  subject  was 
in  itself  wholly  new,  for  it  had  been  observed  by  others  that  similar 
orgaiuBms  existed  on  tool  handles,  such  as  pliers,  &c.  By  taking 
off  the  slight  do2)osit  found  in  the  cross  lines,  or  on  the  handle  of  an 
ongraver*8  tool,  or  of  a  saw,  and  putting  it  into  water,  an  abundant 
supply  of  bacteria  could  bo  obtained.  Whether  those  described  were 
indigenous  to  the  copper,  or  whether  they  were  simply  there  as 
desiccated  forms  of  deposited  putrefactive  organisms,  he  was  nnable 
to  say,  though  ho  thought  the  latter  to  be  the  more  likely. 


Prof.  Abbe's  note  *'  On  the  Distance  of  Distinct  Vision  "  was  read 
by  Mr.  Crisp,  and  discussed  by  Mr.  J.  Mayall,  junr.,  Mr.  Beck,  and 
Mr.  Crisp. 

The  following  Instruments,  Objects,  &c.,  were  exhibited  :— 

Herr  E.  Booker : — Improved  Freezing  Microtome. 

Mr.  J.  Cheshire : — Ovary  of  Apis  meUifica  (hive  bee)  showing  the 
spermatbeca  at  the  junction  of  the  oviducts. 

Mr.  Crisp : — (1)  Schieck's  No.  8  Microssope.  (2)  Watson's  Revol- 
ving Stage.  (3)  ColUns'  Set  of  Fish  Scales.  (4)  Section  of  Hydroid 
Polyp  with  extended  tentacles  (by  Mr.  E.  Ward). 

Mr.  Massee : — Two  slides  illustrating  his  paper,  and  showing  the 
continuity  of  protoplasm  in  CalUthamnian  and  Ptilota. 

Mr.  J.  Mayall,  jun. : — Improved  Nelson-Mayall  Lamp. 

Mr.  E.  Ward :  (1)  Wilks'  Colls,  for  mounting  without  pressure  in 
balsam ;  (2)  2  slides  of  young  Sticklebacks. 


Hew  Fellows. — The  following  were  elected  Ordinary  Fellows : — 
Messrs.  Frank  E.  Beddard,  M.A.,  J.  P.  McMurrick,  M.A.,  John  Potts, 
T.  B.  Bedding,  William  Tarn,  John  Terry,  and  W.  H.  Walmsley. 
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VIII. — On  the  Estimation  of  Aperture  in  the  Mioroaoope. 
By  the  late  Charles  Hookin,  jnn.* 

CBead  Uth  June,  1882.) 
Plate  VIL 

I  HAVE  read  with  much  interest  the  papers  by  Pro£  Abbe  and  Mr. 
Crisp  on  the  aperture  of  Microscope  objectiyes,  in  which  is  shown 
the  great  increase  in  apertnre  obtained  with  immersion  over  dry 
objectives. 

It  is  not  a  little  strange  that  at  a  date  so  long  subsequent  to  the 
introduction  of  immersion  objectives,  any  microscopist  should  be 
found  maintaining  that  it  is  impossible  for  an  immersion  objective 
to  have  an  aperture  in  excess  of  that  of  a  dry  objective  of  180  .  As, 
however,  this  has  been  asserted  (and  apparently  seriously),  it  may  be 
worth  while  to  add  a  few  observations  to  those  contained  in  the 

Sapers  referred  to,  the  form  in  which  Professor  Abbe  has  put  both  his 
ennition  of  numerical  aperture  and  also  his  proof  of  the  identity 
of  his  formula  for  numencal  aperture  with  his  definition,  allowing  of 
further  elucidation,  and  from  a  somewhat  difiEerent  point  of  view. 

Professor  Abbe  defines  the  numerical  aperture  of  an  objective 
as  ''  the  ratio  of  the  linear  semi-opening  to  tne  focal  len^h."  This 
ratio  is  expressed  in  his  notation  by  n  sin  u,  where  u  is  half  the 
aperture-angle  of  the  objective,  and  n  the  refractive  index  of  the 
medium  in  which  the  object  is  placed.  In  the  proof  of  the  identity 
of  the  formula  n  sin  u  with  the  definition,  Professor  Abbe  has  been 
as  concise  as  possible,  referring  to  other  works  for  the  demonstra- 
tion of  all  those  formulae  of  which  he  has  need,  which  have  been 
already  published ;  so  that  the  exact  sense  of  the  terms  used  in  the 
definition  comes  out  only  in  the  course  of  the  demonstration. 

*  This  paper  has  been  delayed  in  pablication  in  con8eqaenoe,of  the  lamented 
death  of  the  author,  and  the  want  of  two  of  the  diagrams,  now  sapplied.  The 
late  Mr.  Chules  Hockin,  iun.,  was  an  electrician  and  mathematician  of  con- 
siderable repute,  and  was  a  high  Wrangler  of  his  year. 
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Professor  Abbe  remarks  that  his  expression  for  aperture  repre- 
sents the  "  number  of  rays,"  and  not  only  the  amount  or  ''  mere 
quantity  of  light  *'  admitted  by  the  objective  and  utilized  for  the 
formation  of  the  image.  The  ^  number  of  rays  "  and  ^  quantity 
of  light "  are  distinguished  in  the  oouree  of  his  demonstration,  as 
I  understand  it,  by  the  fact  that  the  first  is  measured  in  one 
dimension  of  space,  and  the  second  in  two  dimensions.* 

Prof.  Abbe  s  definition  of  aperture  may,  I  think,  be  treated  as 
a  strictly  photometrical  one,  and  that  it  expresses  the  relation  of  the 
total  amount  of  light  utilized  by  an  objective  of  given  magnifying 
power  in  an  axial  plane  to  the  total  amount  of  light  emitteil  by  an 
object  supposed  to  oe  in  air  and  under  a  fixed  UluminaHon. 

The  ooject  is  also  supposed  to  be  a  small  portion  of  a  plane 
surfeu^. 

That  this  is  the  case  appears  from  the  assumption  made  hr 
Prof  Abbe  that  the  pencils  of  light  of  small  angular  aperture,  which 
proceed  from  the  obiective  to  the  image,  are  properly  measured  by 
their  breadth  at  a  nxed  distance  from  their  point  of  convergence. 
This  assumption  involves  evidently  the  condition  that  the  pencils  of 
light  in  question  have  the  same  intensity  over  their  breadth,  and 
this  condition  is  falfilled  approximately  only  if  the  object  is  nearly 
plane. 

All  this  will  appear,  perhaps,  more  clearly  in  the  course  of 
the  following  demonstration  wnich,  following  the  lines  of  Prof 
Abbe*s  proof,  is  somewhat  more  detailed,  and  supplies  demonstra- 
tions of  certain  of  the  formulae  which  Prof.  Abbe  omits  as  too  well 
known  to  require  further  illustration. 

Lemma. — An  instrument  collects  all  the  rays  that  emanate 
from  8om£  one  point  in  its  axis  in  front  of  the  instrument  (and 
which  are  contained  within  a  certain  finite  angle),  and  causes  mem 
to  converge  accurately  to  a  point  in  its  axis  at  the  back  of  the 
instrument,  and  farther  collects,  under  similar  restrictions,  all  rays 
from  a  second  point  in  front  of  the  instrument,  indefinitely  near  the 
first  and  situate  in  a  plane  normal  to  the  axis  of  the  instrument  and 
passing  through  the  first  point,  and  causes  them  also  to  converge 
accurately  to  a  second  point  behind  the  instrument,  lying  in  a  plane 
normal  to  the  axis,  and  passing  through  the  point  of  convergence  of 
rays  incident  from  the  first  point. 

Then  the  sine  of  the  angle  that  any  ray  incident  on  the  instru- 
ment from  the  first  point  mentioned  makes  with  the  axis,  bears  a 
constant  relation  to  the  sine  of  the  angle  that  the  corresponding 
emergent  ray  makes  with  the  axis. 

Let  P,  Q  be  the  foci  of  incident  and  p,  q  the  corresponding  foci 

♦  [See  Note  by  Prof.  Abbe,  infra,  p.  346.— Ed.] 


On  the  EsHmaUon  of  Aperture.    By  (he  late  0.  Hoehin,jun.  889 

of  emergent  rays ;  P  Q  Biidpq  being  indefinitely  small  (Plate  YII. 
fig.  1). 

Let  P  S|)  8,  QSj^  8  represent  the  course  of  two  rays  throngh  the 
instrument,  and  let  n,  n'  be  the  refiractiye  indices  of  the  media  in 
which  P  Q  and  p  q  respectively  lie. 

Then  because  eyery  ray  from  P  passes  through  p  we  must 
haye 

n .  P  S  —  Bat  —  n'p  «  =  a  constant  for  every  ray  through  P ; 

also 

n  . Q 8  —  Wbs  ^n'qs  ss  „  „  „  Q. 


Here  Bas  and  Sba  represent  the  ''reduced  path"  of  the  rays 
between  S  and  s,  or  the  sum  of  the  product  of  the  lengths  traversed 
in  each  medium  they  pass  through  oy  the  refractive  mdez  of  each 
medium. 

Again  Baa  =  Bbl  because  these  two  rays  start  from  and  end 
at  the  same  point  and  make  an  indefinitely  small  angle  with  each 
other. 

.•.    n(P8-Q8)-fi'(p»-9»)  =  constant, 

or,  in  the  limit,  if  ii,  t;  are  the  angles  that  S  P  and  sp  make  with 
the  axis, 

fi .  P  Q  sin  tt  —  fi'p  3  sin  0  =  constant 

=  0  becanse  u  and  v  vanish  together. 

Again,  if  N  is  the  magnifying  power  of  the  instrument, 

pg  =  N.PQ 

and  nsintf  —  n'Nsinos  0 

sintt^!*^ 
sino        n 

Had  we  assumed  that  rays  from  P  converged  to  |>,  and  that  rays 
from  F  converfi;ed  to  p'  where  F  and  p'  are  points  near  P  and  p, 
but  situate  in  the  axis,  we  should  have  found 


u 

B, 


sins 


where  M  is  the  ratio  of  the  distanoee  of  two  points  measured  in  the 
direction  of  the  axis  to  the  distances  of  their  images. 

It  is  clear  that  the  two  laws  A  and  B  cannot  hold  at  the  same 

time  xmless  u  =  v,  and  then  N  =  M  =  —  and  the  instrument  has 

n 

2  A  2 
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no  considerable  magnifying  power  (it  beoomeBin  fiKst  aplane mirror 
when  n  =  n').* 

Now  a  Microecope  has  yery  little  *' depth  of  £0008,"  that  is  to  say 
two  points  P  and  F  are  not  in  focus  at  tne  same  time ;  bnt  it  does 
give,  by  means  of  wide-angled  pencils,  a  clear  image  of  the  central 
portion  of  a  small  plane  object  when  placed  at  a  oertein  position  and 
normal  to  the  axis. 

The  law  A  must  therefore  be  nearly  true  for  a  good  Micro- 
scope. 

Law  B  will  then  hold  approximately  for  small  yalnes  of  u  and 
t^  and  yields  the  condition 


M  =  N«.  - 
n 


This  being  premised,  the  apertnre  of  the  instrument  is  eiSec- 
tiyely  defined  by  Prof.  Abbe,  as  the  number  of  rays  that  it  admits 
in  a  t)lane  passing  through  the  axis  of  the  instrument  from  a  plane 
standard  oqject  supposed  in  air.  Further,  the  number  of  rays 
emanating  from  an  object  or  conyerging  to  the  image  are  counted 
by  the  angular  breadth  of  the  pencils  of  light  emanating  from,  or 
conyerging  to,  each  small  element  of  the  object  or  ima^  multiplied 
by  the  linear  dimensions  of  the  object  or  image — ^it  bemg  supposed 
that  the  pencils  haye  small  angular  breadth  and  are  of  the  same 
intensity  throughout. 

In  other  words,  the  aperture  is  proportioned  to  the  square  root 
of  the  quantity  of  light  admitted  oy  the  objective  under  the  given 
conditions. 

Apply  this  definition  of  aperture  and  the  conyention  of  counting 
rays  to  the  telescope.  U  the  method  is  a  rational  one  it  must  yield 
the  same  result  whether  the  rays  are  counted  as  they  enter  the 
objectiye  or  as  they  conyerge  to  the  imaga 

In  the  case  of  the  astronomical  telescope  we  are  dealing  with 
objects  subtending  always  a  small  angle  at  the  instrument,  of  un- 
known absolute  dimensions  in  many  cases,  and  always  so  distant 
that  the  light  proceeding  from  them  is  of  equal  intensity  oyer  an 
area  indefinitely  larger  than  that  coyered  by  any  mstrument. 

The  dimension  of  the  object  in  this  case  must  therefore  be 
measured  by  the  angle  tbat  it  subtends  at  the  obseryer's  position. 

Beferring  to  law  A,  it  can  readily  be  shown  that,  if  P  Q  is 

*  Note  by  Prof.  Abbe:  —  Mr.  Hookin's  new  demonstration  of  the  law  of 
the  Bines  is  remarkable  for  its  simplicity  and  generality ;  at  the  same  time  it 
includes  a  very  simple  and  clever  demonstration  of  a  proposition,  which  I 
signalized  in  the  article  '*  Die  Bedingungen  des  Aplanatismus,"  that  a  system 
of  lenses  which  collects  wide-Augled  pencils,  oannot  be  aplanatic  for  a  continuous 
row  of  foci  idong  the  axis,  but  can  haye  only  isolated  pairs  of  conjugate  aplanatio 
foci. 
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snppoBed  to  recede  from  the  mfltnunent  while  snbtendmg  a  constant 
angle  at  some  point  near  the  instrnment,  the  form  that  the  eqni^ 
tion  ultimately  takes  is 

or  since,  in  the  present  case,  n  =  n\ 

d  ,  a=  pq  ,  sin  o, 

where  (Z  is  the  distance  of  any  ray  incident  parallel  to  the  axis  from 
that  axis,  and  a  the  angle  that  P  Q  subtends. 

Fig.  2  represents  tUs  casa 

Law  A'  put  in  a  geometrical  form  shows  that  the  directions  of 
any  incident  ray  and  the  corresponding  emergent  ray  cut  on  the 
snrface  of  a  circle  centered  at  the  image. 

In  practice  the  radius  of  the  circle  is  so  large  in  comparison 
with  the  diameter  of  the  objective  that  v  is  always  a  small  angle  and 
V,  sin  Vf  and  tan  v  for  our  present  purpose  may  be  treated  as  equal 

In  the  figure  the  equidistant  parallel  lines  from  a  to  (  repre« 
sent  the  direct  incident  pencil  of  uniform  intensity,  and  the  lines  from 
a'  to  V  converging  at  U  the  corresponding  emergent  pencil.  The 
directions  of  these  rays  meet  within  the  objective  on  the  circle  e  d 
of  large  radius.  The  consecutive  lines  between  a'  and  b'  therefore 
make  nearly  the  same  angle  with  each  other,  and  the  light  is  nearly 
uniform  in  the  pencil  a'  C  V. 

The  direct  pencil  only  is  drawn,  but  as  the  object  subtends 
always  but  a  small  angle  at  the  instrument,  the  breadth  of  all 
incident  pencils  may  be  treated  as  equal,  and  the  total  number  of 
rays  incident  on  the  objective  is  measured  on  the  convention 
adopted  by 

d .  a 

where  (Z  is  the  diameter  of  the  objective. 

Counting  the  rays  emergent  from  the  objective,  they  consist  of 

pencils  of  angle  -j  and  converge  to  a  line  of  length  p  q ;  their 

number  on  the  convention  is  therefore 

d 

where /is  the  focal  length  of  the  instrument ;  or,  since 

the  number  of  the  rays  =  d .  a,  tiie  same  expression  as  before, 
and  d  represents  the  number  of  rays  received  from  an  object  of 
unit  angular  dimensions  and  is  the  recognized  measure  of  the 
aperture  of  the  instrument 
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Now  apply  ihe  same  method  to  the  apertnre  of  the  Micsrosoope. 
The  instrument  is  suited  for  viewine;  at  one  time  a  small  plane 
object,  and  a  small  plane  disk  must  be  taken  as  standard  ODJect 
Again,  this  object  may  be  in  air  or  in  some  other  medium,  and  a 
method  of  counting  the  rays  must  be  adopted  that  wiU  yield  the 
same  result  whether  they  are  counted  in  air  or  in  any  other 
medium  through  which  they  may  pass.  Let  P  Q  be  a  section  of  a 
small  body  in  a  medium  of  refractiye  index  n^  pq  its  image  in  a 
medium  of  index  n',  A  B  a  small  portion  of  tiie  surfiEM^  bounding 
the  media,  and  G  the  centre  of  curvature  of  the  arc  AB  (fig.  8). 

The  rays  coming  &om  P  Q  are  measured  by  a  number  pro- 
portional to 

PQx  Z'APB, 

and  equal,  suppose,  to 

A  xPQx  Z'APB. 

The  same  rays  reach  j>jr,  and  in  the  medium  n' they  are  measured  by 
a  X  pq  X  Z*  A  j>B,and  these  two  expressions  are  to  be  the  same. 

.      A.PQ.Z'APB^^  J 

A.p^.Z*ApB 

but 

PQ  =  APxZ'PAQ 2 

pq==  A.p  X  Z,*P'^q       8 

Suppose  P  A  to  make  an  angle  0  with  the  normal  A  G,  and  p  A 
to  make  an  angle  ff  with  the  normal  A  G ;  then,  as  usual, 

n  sin  e  =  n'  sin  9' 4 

Again,  PAQ  is  a  small  increment  of  the  angle  0  BuipAq  is  the 
corresponding  increment  of  the  angle  0'. 


•    • 


noosOZ'PAQ  =  n'ooee'Z'pAg     ...     5 

also 

A  P.  Z*APB  =:  Bn  =  ABoo8e  ultimately     .     .     6 

and.  '•»*'' '' 

Ap.  Z'AdWJ  =  A  n'= A  B  COB  ©'ultimately     .     .    7 

A    PQ    Z'APB_A    AP.  Z*PAQ    ABoobO         Ap 
••     B'p^'Z'ApB      B'    ApZ'pA?     '      AP      'ABoobO' 

_  A    006  e  Z*  P  A  Q 

~  B  *  co»e'Z*pA? 

A    n'      ^ 
=  B*n  =^' 

or  we  may  put 

A  =  n 
B  =  n', 
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and  the  number  of  rays  in  any  medinm  is  oonnted  by  ihe 
length  of  the  object  x  angular  breadth  of  the  small  pencils  coming 
from  it  X  refractive  index  of  the  medium  under  the  conditions 
implied  in  what  goes  before. 

To  return  to  the  Microscope :  Law  A  applied  and  interpreted 
geometrically  shows  that  the  direction  of  any  incident  ray  cuts  the 
directions  of  the  emergent  ray  on  the  circumference  of  a  small 
circle  centered  a  little  behind  the  object^  but  so  near  it,  that  for 
purposes  of  illustration  it  may  be  supposed  to  be  centered  at  the 
obj^.*    Fig.  4  represents  this  case. 

P  Q  being  a  plane,  the  intensibr  of  the  light  emergent  from  it  at 
any  angle  varies  as  the  cosine  of  the  angle  uiat  tiie  ray  makes  witii 
the  axis.  If  then  the  diameter  A  B  is  divided  into  equal  parts,  and 
lines  through  the  subdivisions  are  drawn  parallel  to  the  axis 
cutting  the  circle  in  the  pints  between  a  and  b,  the  unevenly  dis- 
tributed lines  in  the  pencil  a  P  ft  represent  the  distribution  of  light 
in  the  incident  pencil,  and  the  nearly  evenly  dustributed  lines  in  the 
pencil  a'  p  h\  tne  distribution  of  the  light  in  the  emergent  pencil, 
which  is  seen  to  be  nearly  uniform. 

The  number  of  rays  forming  the  half-image  is  therefore 
measured  by  j7 J  X  Z.*aph' 

=  lN.PQ.Z*a'p6' 
=  i2N.PQ.BiQia'p&' 

=  N.PQ.^.^,.8maPp 

or  Binoe  n'  =  1 
=  fi .  BmiaP6 
=  n  Bin  u  in  the  notation  of  law  A. 

This  is  Prof  Abbe's  formula  for  aperture,  and  the  proof  of  it 
which  has  been  given  will  not,  I  think,  be  found  to  differ  essentially 
from  Prof  Abbe  s  proof. 

The  only  difference  is  that  the  form  '*  ratio  of  clear  opening  to 
focal  length  is  omitted."  This  definition  seems,  at  first  sight, 
somewhat  arbitrary,  but  when  we  see  that  this  expression,  inter- 
preted as  it  is  in  Prof.  Abbess  demonstration,  expresses  the  square 
root  of  the  light  admitted  from  a  standard  object  vender  fixed 

*  If  /  is  the  distance  between  the  object  and  the  image,  the  centre  of  the 
circle  is  sitoatod  at  a  distance  =  ; — -, behind    the     image,   and    its 

diameter  =  2  /  x  ; . 
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iUuminatian^  it  becomes    evidently    a   rational    expreaBian   for 
apertora 

Of  oonrae,  in  the  oomparison  of  lenses  nmnericallYy  the  sqnate  of 
n  sin  u  must  be  used  just  as  the  sqoare  of  the  diameter  of  an 
object-glass  is  the  trne  measure  of  its  light-admitting  power. 

It  remains  to  be  shown  that  the  convention  adopted  for  oonnting 
rays  is  not  merely  one  adopted  because  it  yields  consistent  resalts 
geometrically,  but  that  it  is  founded  on  physical  facts.  For  thk 
Prof.  Abbe  refers  to  Glausius.  English  rasters  will  find  Prof. 
(lausius*  memoir  on  radiation  in  the  last  memoir  of  his  work  on 
He^it,  edited  by  Hirst  (J.  Van  Voorst,  1867).  The  nature  of 
Prof.  Glausius'  argument  may  be  illustrated  thus. 

Beferriug  to  the  diagram  fig.  3^  let  PQ  be  a  section  of  a  small 
circular  disk  radiating  heat,  p  q  the  section  of  another  disk  similar 
in  all  respects  to  the  first  and  its  "  optical  image."  Suppose  also 
that  both  are  at  the  same  temperature. 

Let  I  be  the  intensity  of  normal  radiation  from  P  Q,  and  i  be 
the  intensity  of  normal  radiation  from  p  q ;  then  the  quantity  of 
heat  sent  from  P  Q  to  j)  j  in  unit  time  is  measured  by 

l(PQ.  Z*APB)«, 

and  that  sent  from  j)  j  to  P  Q  in  the  same  unit  time  is 

The  ratio  of  these  quantities  is 

I  /PQZ'APBy 
i\pq/,*  ApB/* 

I      n^ 
and  this  has  been  shown  to  be  equal  to  -.  •   -r- ' 

t      n^ 

I      n* 
Now  unless  -  =  — ^^this  expression  must  difier  from  unity,  and 

so  a  greater  amount  of  heat  would  be  sent  from  T?  Q  to  pq  than  is 
sent  from  |)  j  to  P  Q,  or  vice  versa. 

In  either  case  one  of  the  bodies  would  be  heated  at  the  expense  of 
the  other,  and  we  should  have  in  a  short  time  a  hot  body  heated  by 
a  cooler  one  without  the  intervention  of  any  mechanism  doing  worC 
This  would  te  contrary  to  the  second  law  of  thermodynamics,  that 
heat  cannot  of  itself  pass  from  a  colder  to  a  hotter  body,  a  law 
which  is  found  to  hold  whenever  tested  by  direct  experiment,  and 
one  which  has  never  led  to  false  conclusions  when  used  in  predicting 
the  phenomena  that  should  result  from  given  conditions,  of  what- 
ever degree  of  complexity  these  may  be. 

Prof.  Glausius  treats  of  radiant  heat  as  the  means  of  transfer- 
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ence  of  sensible  heat  from  one  body  to  the  other,  but  the  nature  of 
the  radiation  is  not  of  importance  to  the  reasoning,  and  what  is 
true  of  radiant  heat  is  true  of  Ught  in  the  case  in  question. 

It  follows  that  an  object  under  given  illumination  will  radiate 
more  hght  when  in  a  meaium  of  refractive  index  n  than  in  one  in  a 
medium  of  lower  refractive  index  n'  in  the  proportion  of  »* :  n".  ^ 

This  leads  to  the  only  point  not  considered  in  the  preceding 
investigation. 

The  aperture  was  measured  by  the  angular  breadth  of  the 
pencils  forming  the  image  multiplied  by  the  number  of  pencils. 

The  absolute  intensity  of  the  light  in  each  pencil  was  not 
considered. 

It  is  evident  from  e<]^uation  A  that  if  I  is  the  intensity  of 
normal  radiation  of  the  object,  the  light  in  a  small  central  incident 
pencil  of  angular  breadth  a  is  measured  by  a  number  propor- 
tional to  I  a^  and  this  pencil  has  on    emergence  the  smaUer 

angular  breadth  ^  ->  a,  and  the  intensity  of  the  light  is  propor- 
tional to  I  ( N  -  a\     But  as  I  itself  has  been  shown  to  vary  as  n^ 

the  intensity  becomes  proportional  to  N'.  a'  as  n'  =  1,  or  for  a  given 
magnifying  power  it  is  constant. 

The  resmt  is  that  Prof.  Abbe's  formula  squared  does  give  the 
true  aperture  of  the  instrument  measured  by  the  amount  of  light 
used  to  form  the  image  of  a  plane  object  under  fixed  illumination. 

The  same  formula  is  also  proportional  to  the  resolving  power  of 
the  lens,  for  consider  a  series  of  dark  and  transparent  bands  of 
small  equal  breadth  ^  Z,  on  a  glass  plane  illuminated  from  below. 

The  light  in  any  direction  A  P  coming  from  A  is  reinforced  by 
that  coming  from  B  when  A  P  —  P  B  is  equal  to  a  whole  number 
of  wave-lengths  Tfig.  5).  This  is  first  the  case  when  AP  —  PB 
is  one  wave-lengtn,  say  X,  or  when  AB  eim  u  =  K  =  I  Bm  u. 

But  X  varies  inversely  as  the  refractive  index  of  the  medium 

and  is  equal  to  X'  -  say. 

A' 

Then  x's=/nainu  or  /  = —: — : 

nsmu 

therefore  the  greater  n  sin  u  may  be,  the  less  may  Z  be,  in  order 
that  the  first  pair  of  diffiracted  rays  may  enter  the  objective,  and  so 
form  with  the  central  pencil  a  pencil  of  finite  angular  breadth 
emergent  from  the  objective  and  incident  on  the  eye-piece,  through 
the  image  of  tiie  object  giving  a  defined  representation  of  the 
object 


magnifyiDg  power,  tbongh  we  sti] 
panson  affoi^ed  by  the  nmnerical 
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Hitherto  plane  objects  only  have  been  oonsidered.  When  we 
deal  with  objects  of  other  shape  it  is  self-eyident  that  angnlar 
aperture  as  such  will  have  a  marked  influence  on  the  appearance 
of  the  object,  and  whether  that  inflaence  is  nsefnl  or  not,  it  must 
of  course  be  taken  into  account  in  interpreting  what  is  actually 
seen  on  viewing  an  object. 

It  would  seem  then  that  the  ''angular  aperture"  of  an  objectiye 
should  be  stated  as  well  as  the  ''numerical  aperture."  When 
it  is  known  that  a  lens  admits  a  pencU  of  such  and  such  angnlar 
breadth  from  an  object  in  a  medium  of  given  refractiye  index,  the 
complete  description  of  the  lens  is  given  in  all  qualities  except 

still  want  the  stuxdard  of  com- 
aperture  notation.  Take  the 
case  referred  to  by  Prof  Abbe,  say  a  cubical  cnrstal  of  common 
salt  We  do  not  see  clearly  at  the  same  time  the  horizontal  face  of 
the  crystal  and  its  vertical  sides,  but  by  lowering  the  objective  a 
narrow  band  on  the  four  vertical  sides  is  fidrly  focused,  and  by 
observing  the  apparent  dimensions  of  this  square  band  we  are  able 
to  say  tnat  the  civstal  is  a  true  rectangular  parallebpiped  at  any 
rate.  Moreover  the  clearness  of  the  ima^  of  the  bana  will  depend 
evidently  on  the  angular  aperture  of  the  lens. 

Agam,  if  oblique  illumination  is  employed,  what  was  at  first 
symmetrical  about  the  axis  of  the  instrument  is  now  symmetrical 
about  an  axis  forming  a  definite  angle  with  that  axis,  and  so  angular 
aperture  will  be  important  as  sucL 

These  considerations  are  perhaps  too  evident  to  require  notice, 
but  they  appear  to  me  to  have  some  weight. 

Lastly,  it  may  be  remarked  that  by  law  G  the  "  depth  of  focus  " 
in  an  im^aersionins  is  greater  than  that  of  a  dry  a£  lens  in  the 
proportion  of  J^ :  1,  by  formula  G. 

Note  by  Prof.  Abbe, 

On  the  preceding  paper  Prof.  Abbe  writes  as  follows : — 
I  agree  that  the  measure  of  aperture  is  a  photometrical  one  in 
principle.  But  by  the  expression, "  number  of  rays  "  as  opposed  to 
''  mere  quantity  of  light/'  I  desire  to  convey  that  the  bearing  of 
the  notion  is  not  confined  to  the  photometrical  functions  of  the 
lenses.  The  expression  ^'quantitv  of  light"  would  imply  the 
iniensUy  of  the  rays,  which  must  be  eiccluaed  in  the  estimation  of 
aperture,  because  a  greater  intensity  does  not  compensate  for  a 
snudler  angle  in  regard  to  "  aperture  '* ;  whilst  it  does  so  in  regard  to 
quantity  of  light,  and  a  purely  photometrical  measure  would  have 
to  be  based  on  the  estimation  of  the  rays  in  the  whole  cone,  not 
only  in  a  plane  section.     In  that  respect  the  difierence  is,  in  fact. 
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that  the  one  is  measured  in  one  dimension,  the  other  ''in  two 
dimensions/*  as  is  said  by  the  author.  The  author  makes  the  same 
difference :  (1)  by  excluding  the  intensity  of  the  rays,  and  (2^  by 
introducing  the  square  root  of  the  photometrical  equii^ents  oi  the 
angles  as  the  measure  of  ''  aperture.'' 

This  being  understood,  1  should  agree  that  it  is  better  to  base 
the  definition  of  numerical  aperture  upon  photometrical  principles 
directly,  instead  of  on  an  inoirect  demonskation,  by  means  of  the 
ratio  of  linear  aperture  to  focal  length,  which  ratio  should  be  con- 
sidered as  a  secondary  expression  of  aperture. 
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IX. — Note  on  the  Prober  Definition  of  the  Amplifying  Power  of  a 

Lens  or  Lens-system. 

By  Pro£  E.  Abbb,  Hem.  P.B.M.at 

CRead  I2th  March,  1884.) 

The  generally  adopted  notion  of  **  linear  amplification  at  a  cer- 
tain distance  *  is  in  £Etct  a  very  awkward  and  irrational  way  of 
defining  the  ''amplifying  power"  of  a  lens  or  a  lens-system. 
Unfortunately,  there  is  little  hope  that  a  more  rational  expression 
will  be  generally  adopted,  because  it  will  seem  to  be  ''  too  abstract," 
but  it  may,  nevertheless,  be  useful  to  consider  the  following : — 

In  the  formula  N  =  ~  the  ''  amplification"  of  one  and  the 

same  system  varies  with  the  length  Z,  or  the  '^  distance  of  vision," 
and  an  arbitrary  conventional  value  of  Z  (e.  g.  10  in.  or  250  mm.) 
must  be  introduced,  in  order  to  obtain  comparable  figures.  The 
actual  "  linear  amplification"  of  a  ^stem  is,  of  course,  difierent,  in 
the  case  of  a  shori-sighted  eye,  which  nrojects  the  image  at  a  dis- 
tance of  100  mm.,  and  a  long-sightea  one  which  projects  it  at 
1000  mm.  Nevertheless,  the  "  amplifying  power''  of  every  system 
is  always  the  same  for  both,  because  ilie  short-sighted  and  the  long- 
sighted observers  obtain  the  image  of  the  same  object  wider  the 
same  visual  angle,  and  consequently  the  same  real  diameter  of  the 
retinal  image.  That  this  is  so  will  be  seen  from  fig.  48,  where 
the  thick  lines  show  the  course  of  the  rays  for  a  short-sighted 
eye,  and  the  thin  lines  for  a  long-sighted  one,  the  eye  in  each 
case  being  supposed  at  the  posterior  prmcipal  focus  of  the  system. 

The  semi-visual  angle  u*  under  which  an  object  of  semi- 
diameter  h  is  seen,  is  the  same  for  both  observers,  as  the  change 
resulting  from  the  difierent  positions  of  the  object  concerns 
only  the  degree  of  divergence  of  the  various  pencils  from  the 
various  pointe  of  the  object  (and  the  image),  and  does  not  alter  the 
refraction  of  the  principal  (central)  rays  from  the  various  points. 

This  consideration  leads  to  an  expression  of  the  ''power"  which 
is  in  conformity  to  the  last-mentioned  salient  fact.    The  quotient 


tan  tt* 

"  . —  I 


where  u*  is  the  semi-visual  angle  corresponding  to  A  the  semi- 
diameter  of  the  olnect,  is  a  constant  quantity  for  every  system,  not 
depending  on  the  partionlar  circumstances  of  the  observing  eye ; 
and  this  quotient  indicates,  obvioosly,  the  greater  or  smaUer  yisnal 

t  The  original  paper  ifl  written  by  Prof.  Abbe  in  English. 
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angle,  under  which  a  given  length  h  is  displayed  by  the  system  to 
every  eye.  The  numerical  value  of  this  quotient  gives  the  tangent 
of  uie  visual  angle,  under  which  the  tmit  of  length  (&  =  1)  is 
shown  through  uie  system.  This  quotient,  therefore — i.  e.  the 
ratio  of  tan  w*  to  A,  or  the  visual  angle  corresponding  to  the  unit  of 
length,  measured  hg  the  tangent — is  the  rational  expression  of  the 

Fio.  48. 


magnification  or  '^ power"  of  an  optical  system,  because  every  observer 
will  see  every  object  enlarged  through  different  systems  in  the  exact 
proportion  of  the  value  of  that  quotient. 

From  the  fundamental  definition  of  the  ''equivalent  focal- 
length"  of  a  lens-system  results  the  identity  of  the  aoove-mentioned 
quotient  with  the  reciprocal  value  of/  (focal  length) :  we  have 


tan«* 


1 

7 


Consequently  the  reciprocal  of  the  focal  length  of  a  system  is,  by 
itself,  the  proper  expression  of  its  amplifying  power,  because  this 
reciprocal  expresses  numerically  the  visual  angle  (measured  by  the 
tangent)  unaer  which  the  unit  of  length  appears  through  the 
system. 

This  very  simple  expression  of  the  amplifying  power  of  a  lens- 
system  is  a  strict  one,  it  is  true,  under  the  supposition  only  which 
was  mentioned  above,  that  the  place  of  the  eye  be  at  the  posterior 
principal  focus  of  the  system,  or,  what  is  the  same  thing,  that  the 
principal  rays  from  the  various  points  of  the  object  cross  at  that 
focua 

As  fiar  as  the  compound  Microscope  is  in  question,  no  other 


350  Transadums  of  the  Sooidy. 

case  needs  to  be  considered.  For  the  ''  eye-point  **  of  the  Micro- 
scope coincides,  practically,  with  the  postenor  principal  focus  of  the 
total  system.  With  a  hand-magnifier,  however,  the  eye  may 
change  its  place  to  some  extent,  and  the  crossing-point  of  im 
principal  rays  wiU  therefore  be  subjected  to  deviations  from  the 
postenor  focus  of  the  system.  In  regard  to  this  more  general 
case  the  exact  formula  for  determining  the  power  of  a  syrtem  in 
the  manner  indicated  above  is 


tantt' 


♦      1  /,   .  A       1      Id 


in  which  I  denotes  once  more  the  distance  of  distinct  vision  of  the 
observing  eye,  and  d  the  deviation  of  the  said  crossing  point,  or 
the  place  of  the  eye,  from  the  posterior  focus,  {d  mui^  oe  intro- 
duced with  positive  sign  if  the  focus  is  behind  the  eye,  and  with 
negative  sign  if  it  is  in  front.) 

According  to  this  general  formula  the  exact  ratio  of  the  visual 
angle  to  the  linear  magnitude  of  the  object  is  expressed  by  a 

principal  term  \  f\  which  is  independent  of  all  particular  cir- 
cumstances, and  an  additional  term  (  -> '  y  J  which  varies  with  the 
position  and  the  accommodation  of  the  observer's  eye.  As  in  all 
practical  cases  j  will  be  a  small  fraction,  the  additional  term  indi- 
cates merely  asmall  correction,  and  this  correction  alone  depends  on 
the  distance  of  vision  and  the  place  of  the  eye.  The  simple 
reciprocal  of  the  focal  length  wm  therefore  afford  in  dU  cases 
a  proper  measure  of  the  amplifying  power  of  a  lens-system,  because 
it  expresses  thai  component  of  the  amplifying  power  which  is 
inherent  in  the  system  itself,  and  independent  of  the  variable 

drcumstances  under  which  it  may  be  usecL 

I 
The  other  generally  adopted  expression  of  the  power  by  N  =  -> 

may  be  put  on  a  iomewhai  more  rational  basis  than  is  generally  done, 
by  definmg  the  length  I  (10  in.)  not  as  **  distance  of  distinct  vision," 
but  rather  as  '*  distance  of  projection  of  the  image.*'  As  &r  as 
^'distinct  vision"  is  assumed  for  determining  the  amplification, the 
value  of  N  has  no  real  signification  at  all  in  regard  to  an  obs^er 
who  obtains  distinct  vision  at  50  in.  instead  of  10  in.,  and  in  bdt 
many  microscopists  declare  the  ordinary  figures  of  amplification  to  be 
useless  for  them,  because  they  cannot  observe  the  image  at  the 
supposed  distance.  It  appeara  as  if — and  many  have  this  opinion — 
the  performance  of  the  Microscope  in  regard  to  magnification 
depended  essentially  on  the  accommodation  of  the  observer's  eye. 
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This  misleading  idea,  resnlting  from  the  common  expression,  is 
eliminated  by  defining  the  10  in.  merely  as  the  distance  from  the 
eye  at  which  the  image  is  measured — whether  it  he  a  distinct  or  an 
indistinct  image.  For  if  an  observer,  owing  to  the  accommoda- 
tion of  his  eye,  obtains  a  distinct  image  at  a  distance  of  10  feet,  I 
may  nevertheless  assume  a  plane  at  a  distance  of  10  in.  from  tiie 
eve  on  which  the  distant  image  is  virtually  projected,  and  measure 
the  diameter  of  that  projection.  Now  this  mameter  is  strictly  the 
same  as  the  diameter  of  that  image,  which  another  observer 
would  really  obtain  with  distinct  vision  at  that  same  distance  of 
10  in.  The  only  difference  is,  that  in  the  former  case  we  must 
take  the  centres  of  the  circles  of  indistinctness  instead  of  the  sharp 
'mage-points  in  the  latter  case. 

If  the  conventional  length  of  7  =  10  in.  is  interpreted  in  this 
way  (as  distance  of  projection,  independently  of  distinct  vision)  the 
absurdity  at  least  of  a  real  influence  of  the  accommodation  on  the 
power  of  a  Microscope  is  avoided.  It  becomes  obvious,  that  for 
long-sighted  and  for  short-sighted  eyes  the  same  N  must  indicate  the 
same  visual  angle  of  the  enlarged  objects,  or  the  same  magnitude  of 
the  retinal  image,  because  it  indicates  the  same  diameter  of  the 
projection  at  10  in.  distance.    (See  fig.  48.) 
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X. — On  Certain  Filaments  observed  in  SwrireUa  hifrons. 

By  John  Badoook,  F.R.M.S. 

(^Uead  ^ih  ApiHl,  1884.) 

On  the  5ih  April  I  collected  some  very  fine  diatoms  fix)m  tho 
noted  Eeston  bog,  amon^  which  examples  of  SwrireUa  hifrons  were 
very  conspicuous,  both  by  their  abundance  and  size,  and  also  by 
their  very  clean  and  active  condition. 

Selecting  one  for  special  attention,  I  noted  that  in  its  passage 
across  the  field  it  would  occasionally  pass  dose  to  certain  small 
collections  of  vegetable  debris  (hxii  without  actual  contact),  when 
these  small  matters  seemed  to  oe  caught  by  some  projecting  fila- 
ment from  the  diatom,  by  which  they  were  carried  along  with  it  for 
some  distance.  Then  the  diatom  would  free  itself,  bu^  coming  in 
contact  in  the  same  manner  with  other  similar  material,  the  same 
thin^  would  happen  again. 

Observing  tnis  very  often  with  only  a  2/3  in.  objective,  I  tried  a 
higher  power.  With  the  1/4  in.  I  could  not  discover  any  more 
than  before  the  cause  of  the  phenomenon.  At  length,  however, 
with  a  1/2  in.,  which  had  been  altered  for  use  with  the  binocular 
arrangement,  I  discovered  certain  fine  filmy  processes  projecting 
irregularly  from  the  diatom,  and  which  appeu^  to  have  caused  this 
disturbance.  Further  and  repeated  observation  confirmed  my 
conviction  of  a  correspondence  oetween  these  projecting  filaments 
and  the  disturbances  noted,  the  significance  of  which  could  not 
be  mistaken. 

I  now  called  my  son,  and  asked  him  if  he  saw  anything 
exceptional,  and  to  sketch  it  for  me.  This  he  did,  as  shown  in 
figs.  49  and  50.     The  filaments  were  seen  repeatedly  and  very  dis* 


Fio.  49. 

VVlW Ay 


Fio.  50. 


tinctly  by  both  of  us,  whether  the  front  or  the  side  of  the  diatom 
was  in  view. 

My  attention  was  not  confined  to  one  diatom  only.  The 
appearance  showed  itself  in  many,  but  not  in  all,  and  there  was 
a  very  perceptible  difference  in  its  development  in  different 
specimens. 

1  had  been  observing  some  Arcellina  from  the  same  gathering 
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in  which  the  SwrireUa  were  found,  and  was  struck  with  the 
similarity  between  the  fihny  projections  in  Arcdla  difflugia 
with  those  of  the  diatom.  Although  those  of  the  Arcdla  were 
much  larger,  yet  the  fine  non-granular  character  was  the  same, 
as  also  their  variableness  and  irregularity.  They  were  simply  as 
fine  pencil  shadings  or  smoke-like  semi-transparent  films,  which  in 
the  Arcella  were  larger  and  of  a  more  pronounced  character  than 
in  Surirella,  yet  of  the  same  amoeboid  nature  in  botL 

As  I  was  thus  led — accidentally  as  it  were — ^to  compare  these 
two  forms  of  life,  it  seemed  to  me  that  the  only  essential  difference 
between  them  was  one  of  siza  In  this  hght  one  could  hardly 
regard  the  diatom  as  of  the  vegetable  kingdom  pure  and  simple. 
However,  my  object  is  not  to  raise  this  vex^  question  of  animal  or 
vegetable  nature,  but  simply  to  put  on  record  my  observation  of 
these  filmy  protuberances  as  corroborative  of  previous  observations 
made  and  recorded  by  other  and  more  eminent  workers  in  this 
department,  but  which  of  late  years  have  been  generally  either 
ignored  or  considered  as  of  no  special  significance. 

I  will  onlj  say  that  had  I  not  seen  a  diatom  before,  or  known 
anything  of  its  classification,  I  should  certainly  have  regarded  this 
Swrirella  as  a  testaceous  Amo^. 

The  special  optical  power  and  arrangement  necessary  to  see  this 
phenomenon  in  tne  diatom  may  be  a  subject  of  interest.  I  have 
only  one  objective  with  which  I  can  see  it  distinctly  (a  1/2  in.). 
It  was  strange  and  inexplicable  to  me  that  neither  a  higher  nor 
lower  power  revealed  it. 

Now,  whether  there  is  any  physiological  problem  involved, 
or  any  special  relation  between  the  structure  of  the  eye  and 
this  i)articular  optical  power,  may  be  a  Question  worth  further 
investigation  by  those  competent  to  undertake  it.  I  merely  throw 
it  out  as  a  suggestion,  which  may  or  majr  not  be  worth  anything. 
One  thing  is,  however,  desirable,  and  that  is  that  such  special  ai<u 
should  be  sought  as  would  enable  any  one  readily  to  verify  such 
observations  for  himself,  for  it  seems  certain  that  disputes  arise  and 
contradictions  are  made  which  a  little  more  attention  to  this  point 
would  probably  prevent. 
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Contributions  to  the  History  of  the  Constitution  of  the  Ovuni.t — 
— In  this  report  C..yaD  Bambeke  discusses  the  relations  of  the  germinal 
Tesicle  to  Uie  periphery  of  the    yolk.      He   finds  that  under  the 
influence  of  certain  reagents,  the  young  ovarian  eggs  of  bony  fishes 
{Lew^McuB^  Loia)  exhibit  the  presence  of  a  membranous  pouch,  which 
incloses  the  germinal  Tesicle,  and  is  attached  to  the  periphery  of  the 
yolk.    In  L^iciscua  the  peripheral  portion  has  the  form  of  a  nuclei- 
form  body  (yitelline  nucleus  ?),  the  long  axis  of  which  lies  parallel  to 
the  surface  of  the  egg.     The  apparent  striation  between  this  nuclei- 
form  body  and  the  germinal  Teside  is  due  to  the  folds  of  membrane ; 
and  it  is  probable  that  the  arrangement  described  and  figured  by 
Bchafer  as  obtaining  in  the  oTarian  egg  of  the  rabbit  is  of  the  same 
character.     The  pouch  in  question  may  be  considered  as  a  limiting 
layer,  or  condensation  of  the  cellular  reticulum,  which,  in  the  normal 
state,  separates  the  internal  from  the  external  yitellus,  to  use  the 
nomenclature  of  Pfliiger ;  the  nucleiform  body  will  then  correspond 
to  the  internal  yolk.  This  disposition  of  parts  has  perhaps  some  relation 
to  the  maturation  and  fecundation  of  the  egg,  inasmuch  as  it  may  be 
the  passage  by  which  the  directive  corpuscles  escape  to  the  exterior, 
and  the  fecundating  spermatozoon  enters  to  unite  with  the  female  pro- 
nucleus.    Further  researches  are  necessary  to  decide  whether  there 
is  any  relation  between  the  division  of  the  yolk  into  two  zones,  and 
the  mode  in  which  the  yolk-elements  are  deposited  within  the  egg. 
The  union  of  the  nucleus  with  the  periphery  of  the  cell,  which  has 

*  The  Society  are  not  to  be  considered  responsible  for  the  views  of  the 
authors  of  the  papers  referred  to,  nor  for  the  manner  in  which  those  views 
may  be  ezpressea,  the  maiu  object  of  this  part  of  the  Journal  being  to  present  a 
summary  of  the  papers  as  actualiy  published^  so  as  to  provide  the  Fellows  with 
a  guide  to  the  aaditions  made  from  time  to  time  to  the  Library.  Objections  and 
corrections  should  therefore,  for  the  most  part,  be  addressed  to  the  authors. 
(The  Bociety  are  not  intended  to  be  denoted  oy  the  editorial  "  we/') 
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been  observed  by  Leydig  in  Tarions  animal  cells,  and  by  Sohafer  in 
the  young  oyarian  ova  of  the  fowl,  seems  to  be  a  different  phenomenon ; 
for  there  is  not  then  any  limiting  layer,  nor  any  folds  of  membrane, 
bot  rather  a  condensation  of  the  cellular  reticulum. 

The  author  is  unable  at  present  to  say  certainly  what  bearing  his 
obseryations  have  on  those  lekielj  made  by  Balbiani,  Fol,  and  others, 
which  have  only  come  to  his  knowledge  since  his  paper  was  completed. 

Origin  of  Metamerio  Se^entation.* — ^In  this  suggestive  essay 
A.  Sedgwick  discusses  the  origin  of  the  metameric  segmentation  and 
some  otiier  morphological  problems.  To  the  hypotheses  which  he  has 
ftli^ftdy  suggested — that  the  mouth  and  anus  in  most  of  the  higher 
groups  have  been  derived  from  some  such  elongated  opening  as  is  now 
seen  in  the  Actinozoa,  that  the  somites  of  segmented  animals  are 
derived  from  a  series  of  pouches  of  the  archenteron  comparable  to  the 
pouches  now  found  in  Actinozoid  polyps  and  MedusaB,  and  that  the 
nephridia  are  derived  from  specialized  parts  of  these  pouches — he  now 
adds  a  fourth,  that  the  trachead  are  not  developed  from  cutaneous 
glands  of  a  worm-like  animal,  but  are  rather  to  be  traced  back  to' 
simple  ectodermal  pits,  represented  to-day  by  the  subgenital  pits  of  the 
Scypho-medusfB,  by  the  pits  into  the  cephalic  ganglia  of  Arthropod 
embryos,  and  by  the  canal  of  the  central  nervous  system  of  the 
Yertebrata. 

It  is  pointed  out  that  the  essence  of  all  these  propositions  lies 
in  the  fact  that  the  segmented  animals  are  traced  back  not  to  a  triplo- 
blastic  unsegmented  ancestor,  but  to  a  two-layered  Ooelenterate-like 
animal  with  a  pouched  gut,  the  pouching  having  arisen  as  a  result  of 
the  necessity  for  an  increase  in  the  extent  of  the  vegetative  surfaces 
in  a  rapidly  enlarging  animal.  In  framing  these  hypotheses,  support 
is  found  in  facts  of  exactly  the  same  nature  as  those  which  have 
been  used  in  tracing  the  evolution  of  the  nervous  and  muscular 
tissues. 

The  difficult  problem  of  the  homology  of  the  mouth  and  anus  with 
the  mouth  of  the  Coelenterata  is  first  attacked ;  their  mode  of  develop- 
ment is  shown  to  be  coincident,  and  their  relations  to  the  archenteron  and 
the  neural  surface  of  the  body  to  be  similar.  The  fact  that  in  various 
higher  forms  the  blastopore  gives  rise  in  some  to  the  mouth  and  in 
others  to  the  anus  is  to  be  explained  by  the  supposition  that  the  blasto- 
pore primitively  gave  rise  to  both  mouth  and  anus,  and  that  its 
specialization  as  a  larval  organ  has  caused  the  variability  of  its  sub- 
sequent history.  This  doctrine  is  supported  by  the  chamcters  of  the 
mouth  of  the  existing  Actinozoa  where  the  two  ends  are  open  and  the 
middle  closed,  and  by  the  fact  that  in  the  primitive  PeripniuB  the 
elongated  blastopore  does  give  rise  to  both  mouth  and  anus.  If  this 
be  true,  it  follows  that  Balfour  was  right  in  thinking  that  the  stomo- 
dflsum  and  proctodsdum  are  not  in  all  cases  completely  homologous. 

The  common  ancestor  of  the  Triploblastica  and  Actinozoa  may  be 
supposed  to  have  been  a  diploblastio  bilateral  form  with  an  enlarged 
oral  surface,  and  an  elongated  mouth  which,  by  the  adhesion  of  its 

*  QuArt.  Joum.  Micr.  Sol.,  xxiv.  (1884)  pp.  43-82  (2  pis.). 
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middle  portion,  was  fdnctioiuJly  diyided  into  two  openings  ;  the  ner- 
Tons  system  was  distributed  in  the  ectoderm  oyer  the  whole  body,  but 
was  probably  especially  oonoentrated  on  the  oral  sorfaoe. 

The  yiew  that  an  enterocoele  was  derived  from  one  pair  of  arohen- 
teric  poaches  has  been  given  up  since  Hatschek  discovered  that,  in 
AmphioxiUf  a  series  of  diverticula  are  formed ;  the  ^similarity  between 
the  embryo  of  Atnphtoacm  and  an  Actinozoon  polyp  suggests  that  the 
mosoblastic  somites  of  segmented  animals  are  derived  from  a  diplo- 
blastic  coelenterate-like  ancestor  with  folded  gut-walls,  and  the 
Coelenterata  di£fer  only  from  segmented  animals  in  that  the  alimentary 
or  archenteric  pouches  (mesoblastic  somites)  and  the  alimentary  canal 
do  not  become  separate.  Connected  with  this  absence  of  a  distinct 
coelom  is  the  low  state  of  differentiation  of  snch  ocolomic  stmctures 
as  the  excretory  organs,  and  the  absence  of  a  separate  vascular  system. 

Sedgwick  is  of  opinion  that  the  excretory  organs  were  not  at  first 
nsed  for  the  excretion  of  nitrogenous  waste  products,  but  for  the 
riddance  of  the  undigested  and  solid  excretory  products,  and  that  this 
process  was  at  first  intracellular.  Pores  are  certainly  found  in  the 
Diploblastica  ;  the  circular  canal  of  the  MedusaB  may  be  easily  con- 
ceived as  becoming  the  vertebrate  segmental  ducts,  and  a  temporary 
longitudinal  canal  has  been  observed  by  Hatschek  in  Polygardiua.  The 
gill-slits  are  regarded  as  being  serially  homologous  with  nephridia. 

The  author  concludes  the  first  half  of  his  paper  by  pointing  out 
that  his  object  has  been  to  show  that  the  majority  of  the  Triploblas- 
tica  are  built  upon  a  common  plan ;  that  that  plan  is  revealed  by  a 
careful  examination  of  the  anatomy  of  Coelenterata ;  that  all  the  most 
important  systems  of  organs  of  Uiose  Triploblastica  are  found  in  a 
rudimentary  condition  in  the  Coelenterata,  and  that  all  the  Triploblas- 
tica referred  to  (Annelida,  Arthropoda,  Mollusca,  Yertebrata,  Bcdano^ 
glossuSy  Sagitia,  and  the  Brachiopoda),  must  be  traced  back  to  a 
diploblastic  ancestor  common  to  them  and  the  Coelenterata. 

In  the  second  part  Sedgwick  applies  his  hypothesis  to  the  just 
mentioned  groups;  from  the  ideal  ancestor,  a  little  more  advanced 
than  the  common  Ccelenterate  ancestor,  two  stocks  branched  offl  In 
one,  the  Invertebrata,  the  mouth  and  anus  (which  soon  became  sepa- 
rated) remained  on  the  neural  surface,  and  a  prseoral  abneural  lobe 
was  developed  which,  being  carried  first  in  movement  became  specially 
sensitive.  In  the  other  stock  the  mouth  and  anus  became  terminiJ 
and  a  projection  on  the  neural  surface  of  the  body  overhimg  the  mouth ; 
this  is  the  stock  of  the  Yertebrata  and  of  BcUanoglostus.  The  further 
changes  in  the  two  stocks  are  next  discussed,  but  space  will  not 
permit  of  our  following  the  author. 

In  conclusion  there  are  some  observations  on  the  structures  known 
as  primitive  streaks;  these  are  always  connected  with  the  formation 
of  the  mesoblast,  are  not  found  in  free  larvae,  are  always  median 
and  unpaired,  are  always  caused  by  rapid  proliferation  of  cells,  and 
vary  in  position  in  different  animals.  The  differences  which  obtain 
are  at  present  very  difficult  of  explanation,  but  one  is  perhaps  to  be 
found  in  the  supposition  that  owing  to  the  early  specialization  of  the 
enteron  the  mesoblast  has  to  be  formed  in  some  o^er  than  the  primi- 
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live  mode,  and  the  proliferating  cells  of  the  streak  do  nothing  else  than 
divide  and  give  origin  to  the  mesoblastic  bands. 

In  the  newt  the  blastopore  appears  to  persist  as  the  anns,  bat 
examination  of  sections  is  still  necessary  to  make  this  point  certain. 

Oastrsea  Theory.* — O.  Biitschli  criticizes  the  theories  of  Hackel, 
Lankestor,  and  Metschnikoff,  and  pats  forward  some  new  yiews  con- 
cerning the  origin  of  the  Metazoa. 

The  primitive  form  of  the  Metazoon  is,  according  to  this  view,  a 
two-layered  disk,  which  may  be  termed  a  p^ocula,  and  which  is  sapposed 
to  have  originated  from  some  sach  form  as  Oonium,  a  genas  of 
YolvocinesB,  consisting  of  a  flat  disk  made  ap  of  many  cells  arranged 
in  one  layer.  It  may  readily  be  imagined  that  this  one-layered  cell- 
aggregate  soon  undergoes  differentiation,  one  side  serving  especially 
for  locomotion,  and  the  other  for  natrition ;  and  that  these  functions 
become  localized  one  in  each  layer  of  the  placula.  Some  difficulties 
arise  about  the  way  in  which  the  eastrula  takes  its  origin  from  this 
two-layered  placula,  but  the  clue  is  to  be  found  in  the  development 
of  certain  nematodes :  in  Cucullanua  and  Bhahdonema  the  result  of  the 
egg-cleavage  is  the  formation  of  a  two-layered  embryo  exactly  similar 
to  the  hypothetical  placula ;  in  many  other  animals,  e.  g.  Lumbricus^ 
which  unaergoes  a  developmental  stage  similar  to  that  just  described, 
a  segmental  cavity  is  formed  between  the  two  layers  and  the  embryo 
becomes  a  blastula ;  in  other  animals  the  segmentation  cavity  is  more 
highly  developed  and  we  get  a  typical  blastula ;  these  facts  indicate 
that  the  blastula  is  not  so  ancient  a  developmental  stage  as  the  flat 
two-layered  embryo  of  the  Nematodes. 

This  two-layered  placula  reaches  the  gastrula  form  by  a  growing 
together  of  the  two  ends,  and  the  reason  for  this  process  of  growth  is 
the  hollowing  out  of  the  endoderm  layer  to  form  a  receptacle  for  food, 
which  would  evidently  be  of  advantage  to  the  animal;  also  the 
approximation  of  the  endoderm  cells  would  also  enable  the  animal  to 
seize  larger  masses  of  food.  This  theory,  therefore,  renders  in- 
telligible the  origin  of  the  gastrula  form,  which  the  previous  theories 
do  not. 

The  marine  organism  Trichoplax  adhcerens  recently  described  by 
F.  E.  Schultze,  is  a  placula,  and  its  discovery,  Biitschli  considers, 
lends  great  support  to  the  theory  advocated  in  his  paper. 

Changes  of  the  Generative  Prodnots  before  Cleavage.t — ^M. 
Nussbaum  describes  his  account  of  the  changes  undergone  by  the 
generative  products  prior  to  the  cleavage  of  the  ovum  as  an  essay  on 
heredity.  He  commences  with  an  account  of  the  copulation  and  de- 
velopment of  the  genital  products  of  Ascaris  megahcephala.  Attention 
is  directed  to  the  absolute  similarity  between  the  early  stages  of  either 
sex,  and  it  is  pointed  out  that  both  the  primitive  ova  and  the  sperma- 
togonia increase  by  indirect  division  of  the  nucleus ;  all  stages  of  this 
process  may  be  observed.  Later  on,  changes  are  to  bo  observed  in 
both  the  nucleus  and  the  cell-body ;  granules  deposited  in  the  proto- 

♦  Morph.  Jahrbuch,  ix.  (1884)  pp.  415-27. 
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plann  constantly  increase  in  sixe,  and  the  spermatocytes  seem  to  be 
nndergoing  division;  the  later  stages  of  the  dcTelopment  of  the 
spermatozoon  are  marked  by  the  increase  in  number  and  fusion  of 
the  large  refractive  bodies,  which,  at  first  small  and  hard  to  ooimt^ 
end  by  forming  a  highly  refractive  body.  As  is  well  known,  the 
spermatozoa  of  the  Nematoids  are  not  provided  with  a  single  tail; 
there  are  rather  long,  psendopodioid  tentacles,  which  are,  at  the  body 
temperature  of  the  host,  actively  mobile,  and  which  consist  of  a  hyaline 
gronnd-snbstance  with  finely  granular  deposits. 

The  only  point  of  resemblance  in  the  modes  of  development  of 
the  ova  and  spermatozoa  (after,  of  coarse,  the  very  earliest  stages^  liee 
in  the  fact  that  both  kinds  of  genital  prodncts  are  disposed  raaially 
around  a  central  rachis.  The  germinal  vesicle  becomes  irregular  in 
form,  as  the  ovarian  tube  increases  in  thickness ;  the  genninal  spots 
become  grouped  into  two  or  three  grains,  which,  later  on,  undergo 
various  changes,  whether  the  egg  is  fertilized  or  not.  If  the  ova  are 
treated  with  acetic  acid  or  with  a  mixture  of  alcohol  and  ether,  so  as 
to  extract  the  contained  spheres  and  crystals,  a  trabecular  structure  is 
to  be  detected ;  this  is  of  some  importance,  as  it  explains  the  decrease 
in  the  size  of  the  yolk  after  fertilization. 

As  a  result  of  a  large  number  of  observations,  Nussbaum  states 
that  only  one  spermatozoon  enters  each  ovum ;  the  egg  becomes  smooth 
in  contour,  but  at  the  point  where  the  spermatozoon  had  entered  the 
ovum  is  a  little  swollen ;  the  changes  undergone  by  the  male  element 
are  fully  described. 

As  soon  as  the  ovarian  and  spermatic  nuclei  have  united,  cleavage 
commences.  The  colourable  substance  of  the  nucleus  becomes 
arranged  in  filaments  which  gradually  thicken  and  diminish  in 
number.  The  ordinary  spindle-shaped  figure  appears,  and  four  chief 
filaments  are  to  be  made  out.  At  the  poles  of  tiie  spindles  there  is  a 
distinct  radiation  in  the  protoplasm.  Iti  these  animals  a  large  number 
of  ova  are  never  fertilized. 

The  theory  of  fertilization  is  next  considered  under  the  several 
heads  of  the  entrance  of  the  spermatozoa  and  their  changes  within 
the  egg,  the  formation  of  the  polar  globules,  and  the  appearance  of 
the  two  nuclei  in  the  fertilized  ovum.  The  conclusion  is  arrived 
at  that  the  act  of  fertilization  in  the  simplest  and  in  the  most  com- 
plicated organisms  consists  in  the  imion  of  the  identical  parts  of  two 
homologous  cells. 

The  inheritance  of  individual  or  transmitted  peculiarities  is 
regarded  as  being  due  to  the  influences  exerted  on  the  generative 
cells  of  the  individual,  for  they  are  subjected  to  conditions  which  had 
a  modifying  influence  on  the  ancestral  organism. 

The  author  finally  discusses  the  part  played  by  the  diflerent  por- 
tions of  the  seminal  cell,  and  comes  to  the  following  conclusions : — 

The  nucleus  of  every  seminal  cell  is  thickened,  and  is  in  all 
cases  retained  by  the  mature  seminal  body ;  in  spermatic  filaments  it 
forms  the  head.  During  impregnation  of  the  ovam,  the  modified 
nucleus  fuses  with  the  ovarian  nucleus.  The  protoplasm  of  the 
seminal  cell  forms  the  covering  of  the  "  head,"  the  median  portion, 
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and,  where  snch  are  present,  the  processes  of  the  spermatozoon ;  it 
either  remains  capable  of  amoaboid  movement  or  unites  with  the 
nucleus  to  form  a  ciliated  cell.  In  many  cases  the  rudiment  of  the 
investment  of  the  "  head  "  or  of  the  median  portion  may  be  recognized 
as  a  secondary  nucleus  or  a  thickening  in  the  protoplaism  of  the  sper- 
matocyte. This  investment  of  the  head  does  not  play  any  essential 
part  in  fertilization,  and  is,  indeed,  ordinarily  got  rid  of  before  the 
spermatozoon  passes  into  the  egg ;  when  it  does  pass  into  the  egg  it 
becomes  mixed  up  with  the  yolk  like  the  other  parts  of  the  seminal 
body  that  are  derived  from  the  protoplasm  of  the  spermatocyte. 

Development  of  Spermatozoa.* — A.  Swaen  and  H.  Masqaelin 
contribute  a  short  abstract  of  results  derived  from  a  study  of  the 
development  of  spermatozoa;  the  types  investigated  were  certain 
Selachians,  the  salamander,  and  the  bull.  The  epithelium  of  the 
testicles  of  these  animals  is  formed  by  two  distinct  types  of  cells, 
(1)  ''  male  ovules,"  (2)  cells  of  the  follicles ;  the  former  give  rise  to 
the  spermatozoa  in  the  following  way :  each  of  the  cells  divides  and 
forms  a  number  of  small  cells — the  spermatocytes,  which  always 
remain  united  by  a  portion  of  the  protoplasm  of  the  mother-cell 
which  persists  as  intercellular  substance ;  the  whole  group  of  sperma- 
tocytes may  be  termed  a  spermatogemma ;  the  spermatocytes  are 
gradually  metamorphosed  into  spermatozoa,  being  termed  in  the  inter- 
mediate stages  nematoblasts,  the  spermatogemma  becoming  therefore 
a  nematogemma.  During  the  course  of  development  the  sperma- 
tocytes and  especially  the  nematoblasts  are  grouped  in  different  ways, 
varying  in  the  different  types  of  animals  studied,  but  finally  unite 
into  bundles  of  spermatozoa,  in  which  all  the  elements  are  arranged 
parallel  to  each  other. 

The  follicular  cells  form  an  envelope,  which  may  be  more  or  less 
complete  and  last  for  a  longer  or  shorter  time,  to  the  male  ovules 
and  the  spermatogemmad ;  later  they  become  fused  with  the  inter- 
cellular substance  of  the  nematogemma,  and  are  no  doubt  actively 
concerned  in  the  varied  grouping  of  the  nematoblasts,  and  also  in  the 
expulsion  of  the  completely  developed  spermatozoa.  Oomparing  the 
development  of  the  spermatozoa  and  ova,  the  following  similarities  and 
differences  may  be  noted ;  in  both  there  is  an  ovule  surrounded  by  a 
more  or  less  complete  layer  of  follicular  cells ;  in  the  ovary  this  cell 
developes  at  once  into  the  ovum,  and  the  follicular  cells  multiply 
actively ;  in  the  testicle  the  ovule  developes  by  indirect  division,  while 
the  follicular  cells  hardly  multiply  at  all,  and  more  often  increase 
in  size. 

The  paper  concludes  with  a  more  detailed  description  of  the 
process  of  development  in  the  several  types. 

Human  Embrycf— H.  Fol  makes  an  important  contribution  to 
our  knowledge  of  the  structure  of  the  human  embryo,  obtained 
from  the  study  of  an  embryo  5-6  mm.  in  length  and  probably  about 

•  Bull.  Acad.  K.  Belg.,  vii.  (1884)  pp.  42-51. 
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three  weeks  old;  his  results  gain  additional  interest  from  the  &ct 
that  no  embryo  of  this  ago  has  ever  been  before  examined. 

The  branchial  clefts,  three  in  n  amber,  were  of  a  yerj  complex 
form;  the  second,  lying  between  the  hyoidean  and  first  branchial 
arch,  was  entirely  open  ;  the  third  descends  in  the  form  of  a  poach  on 
the  sides  of  the  tracheal  artery ;  the  origin  of  the  thyroid  gland  is  in 
front  of  the  base  of  the  tongue ;  the  pancreas  is  represented  by  a 
short  CGBCom  directed  dorsally ;  the  presence  of  a  commencing  radi- 
ment  of  this  organ  is  interesting  from  the  fiEust  that  it  has  not  been 
discoYered  yet  in  larger  embryos  as  long  as  7  mm. ;  the  ureters  open 
on  the  ventral  side  of  the  cloaca,  and  not  dorsally  as  has  been  erro- 
neously stated;  two  pairs  of  branchial  arteries  are  present,  the 
hyoidean  and  the  first  branchial,  as  well  as  an  unpaired  artery,  up  to 
the  present  unrecorded,  which  is  given  off  from  the  aorta  and  accom- 
panies the  vitello-intestinal  vessel :  the  heart  as  yet  only  shows  two 
cavities ;  the  posterior  extremity  of  the  body  presents  the  appearance 
of  a  long  tail,  but  it  has  no  supernumerary  vertebne,  in  £EM$t,  not 
the  full  number,  since  the  entire  vertebral  column  only  consists  of 
thirty-three  vertebrsd. 

Placentoid  Organ  in  the  Embryo  of  Birds.* — M.  Duval  directs 
attention  to  the  sac  which,  in  a  chick,  may  be  seen  to  be  appended  to 
the  lower  end  of  the  umbilical  vesicle.  Sections  of  smaller  ova  show 
that  both  the  outer  and  inner  surfaces  are  formed  by  the  chorion,  and 
that  the  inner  surface  developes  villous  processes  which  are  plunged 
into  and  absorb  the  mass  of  albumen ;  they  are  supplied  with  vessels 
from  the  allantois.  Such  an  organ  may,  the  author  thinks,  be  well 
called  a  placentoid  sac.  After  having  played  its  part  as  an  organ  for 
the  absorption  of  albumen,  it  undergoes  atrophy.  Duval  thinks  that 
the  discovery  of  this  sac  shows  new  points  of  affinity  between  pla- 
cental and  aplacental  forms,  and  that  its  special  structure  in  the  bird 
is  duo  to  the  presence  of  a  shell  which  forces  the  villi  to  be  de- 
veloped on  the  inner  instead  of  on  the  outer  surface  of  the  chorion. 
While  the  inner  surface  has  a  nutrient  the  outer  has  a  respiratory 
function,  and  therefore  the  sac  is  in  all  respects  comparable  to  the 
placenta  of  the  Mammalia. 

Development  of  the  Spinal  Nerves  of  Tritons. f — M.  Hedot  finds 
that,  in  Tritons,  the  spinal  gauglion  and  the  dorsal  root  of  the  nerve 
are  formed  by  a  prolongation  of  cells  which  arises  from  the  upper 
part  of  the  medullary  tube  and  is  never  separated  from  it.  The 
ventral  root  is  developed  later,  and  at  the  expense  of  the  medullary 
tube ;  it  is  (from  at  first  ?)  fibrillar  in  structure,  and  only  becomes 
secondarily  united  with  the  spinal  nerve.  The  author  remarks  that, 
although  his  conclusions  differ  from  those  of  some  very  distinguished 
observers,  he  does  not  despair  of  finding  them  confirmed. 

Poison  of  BatrachianB.t~G.  Galmels  finds  in  the  poison  of  the 
toad   a  small   quantity  of   methylcarbylamine,   and  describes  the 
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method  by  which  it  maj  be  formed  synthetically.  In  the  newt  the 
corresponding  acid  is  contained  in  globules  which  have  the  micro- 
scopic appearance  of  milk-globules,  but  differ  from  them  chemically 
by  being  soluble  in  water.  The  physiological  properties  of  the 
poison  of  the  salamander  are  the  same  as  those  of  that  of  the  scorpion, 
and  resemble  those  which  have  been  observed  with  amylcarbylamine. 
The  author  has  not  yet  studied  the  poison  of  serpents,  but  he  thinks 
that  they  have  probably  the  same  kind  of  constitution.  The  general 
biochemical  mode  of  formation  may  be  thus  defined.  Every  amide- 
compound,  whether  simple  or  a  peptone,  may  fix  the  elements  of  formic 
acid  in  the  nascent  state,  and  giye  rise  to  a  carbyl-compound  of  toxio 
properties  and  imstable  in  composition.  Every  methyl  group  which 
is  insufiSciently  destroyed  by  oxidation  gives  rise  not  to  carbonic  but 
to  formic  acid,  and  so  furnishes  the  elements  of  the  carbyl-compound. 

Deyelopment  of  Lacerta  agilis.* — H.  Strahl  gives  a  further 
account  of  the  developmental  process  at  the  anterior  end  of  the 
embryo  of  Lacerta.  In  a  previous  communication  by  the  same  author 
it  had  been  pointed  out  that  the  head  of  the  embryo  consists  up  to  a 
comparatively  late  period  of  ectoderm  and  endoderm  only,  the  meso- 
derm being  entirely  absent 

Some  of  the  more  important  results  of  the  present  communi- 
cation are  as  follows: — The  vascular  area  which  is  at  first  only 
developed  at  the  sides  of  and  behind  the  embryo  grows  forward 
and  unites  above  the  head  to  form  a  single  oval  disk;  before  this 
has  taken  place  the  cleavage  of  the  m^oderm  is  visible  in  the 
anterior  margins  of  the  vascular  area,  and  the  fusion  of  the  two 
cavities  thus  formed  leads  to  the  uniting  together  of  the  two  sides 
of  the  vascular  area.  The  larger  anterior  portion  of  the  amnion  ia 
formed  by  growth  from  before  backwards  without  any  lateral  folding 
of  its  ectodermic  layer.  The  formation  of  the  false  anmion  is  very 
different  from  its  formation  in  the  chick  ;  in  the  latter  the  folds  of  the 
splanchnic  layer  of  the  mesoderm  and  of  the  endoderm  appear  before 
the  complete  closure  of  the  amnion,  while  in  the  embryo  of  Lacerta^ 
these  same  folds  which  inclose  the  embryo,  and  may  therefore  be 
termed  the  false  amnion,  appear  after  the  closure  of  the  amnion. 
Another  difierence  between  the  embryo  chick  and  the  embryo  lizard 
is  to  be  found  in  the  relation  between  the  closure  of  the  body-cavity 
and  the  closure  of  the  head  intestine ;  in  Liicerta  the  body-cavity 
closes  almost  immediately  after  the  closure  of  the  intestine,  while  in 
the  chick  the  ventral  sides  of  the  body-cavity  remain  separate  from 
each  other  long  after  the  closure  of  the  intestine.  The  twisting  of 
the  embryo  on  to  the  left  side  causes  a  like  twisting  of  the  anterior 
portion  of  the  amnion,  which  is  by  this  time  entirely  closed  ;  at  the 
posterior  end  of  the  embryo^  where  the  two  folds  of  the  amnion  have 
not  yet  become  united,  this  twisting  of  the  amnion  does  not  take  place, 
inasmuch  as  the  left  fold  grows  more  rapidly  than  the  right,  and  so 
the  two,  when  they  come  to  unite,  remain  in  the  same  place  as  the 
egg  membrane,  and  do  not  participate  in  the  twisting  of  the  embryo. 

*  Arch.  f.  Anat.  u.  PhyBlol.  (Anat.  Abtheil.),  1884,  pp.  41-88  (2  pis.). 


362       sumicalBt  of  oitrrekt  bbseakohes  BSLinsa  to 

Deyelopment  of  Teleoftei.* — 0.  Enppfer  oontinnes  hia  studies  on 
the  development  of  the  Vertebrata,  and  treats  of  the  TeleosteL  Two 
varieties  of  trout  were  selected  for  study.  The  blastoderm  on  the 
eighth  day  presented  a  round  area  with  a  prominent  knob  at  the 
posterior  extremity  {Schwanzknotpe)  ;  in  front  of  this  lies  the  embry- 
onic shield.  The  next  step  is  an  inyagination  npon  the  snrface  of 
the  latter,  exactly  as  in  birds  and  reptiles,  forming  a  longitudinal 
farrow  which  subsequently  is  crossed  at  right  angles  by  another 
furrow ;  this  transverse  furrow  is  only  a  temporary  stmctore,  and 
presently  vanishes,  leaving  only  the  longitudinal  furrow ;  at  the  hinder 
end  of  the  primitive  strei^,  its  margins  unite  to  form  a  median  axial 
band,  which  extends  as  far  as  the  caudal  knob.  By  the  beginning  of 
the  twelfth  day  the  primitive  streak  had  disappeaj^d,  and  the  axial 
band  a  little  wider  at  its  anterior  extremity  occupied  the  middle  line 
of  the  embryonic  shield  coinciding  exactly  with  the  anterior  extremity 
of  the  primitive  streak.  The  disappearance  of  the  primitive  streak 
coincides  in  point  of  time  with  the  enclosure  of  half  the  yolk  within 
the  blastoderm ;  when  the  cells  of  the  blastoderm  pass  beyond  the 
equator  of  the  egg,  the  primitive  streak  is  entirely  replaced  by  the 
axial  band. 

At  the  time  of  the  appearance  of  the  head,  the  axial  band  becomes 
slightly  coiled  ;  the  "  head  "  consists  of  the  rudiment  of  the  brain  and 
eyes,  and  one  pair  of  visceral  arches  ;  it  is  developed  independently 
of  the  primitive  streak  ;  though  the  brain  is  continuous  with  the  axial 
band,  it  is  marked  off  from  it  by  a  constriction.  The  provertebrse 
which  next  appear  are  formed  from  the  axial  band,  and  the  anterior 
ones  are  developed  before  the  posterior  ones  ;  in  many  other  Teleostei 
the  first  pair  of  protovertebrae  are  situated  more  in  the  middle  and  the 
process  of  growth  extends  forwards  as  well  as  backwards.  No  other 
pairs  of  visceral  arches  are  developed  in  the  neighbourhood  of  the 
first.  The  earliest  rudiment  of  the  spinal  cord  appears  as  a  new 
formation  upon  the  axial  band,  and  is  continuous  with  the  brain ;  the 
central  cavity  of  both,  which  is  a  secondary  formation,  commences  in 
the  eyes  and  passes  down  the  brain  into  the  spinal  cord ;  this  central 
cavity  shows  widenings  here  and  there  in  the  brain  which  do  not 
correspond  to  the  subsequently  formed  ventricles. 

Influence  of  High  PresBnreB  on  Living  Organisms.t — P.  Begnard 
has  been  able  to  make  some  experiments  with  a  press  giving  a  pressure 
of  1000  atmospheres  ;  he  finds  that  under  such  pressures  as  obtain  on 
the  bed  of  the  ocean,  plants,  infusoria,  molluscs,  annelids,  and  Crustacea 
fall  into  a  somnolent  condition,  or  one  of  **  latent  life  " ;  fishes,  when 
exposed  to  similar  pressures,  die.  Experiments  made  show  that 
muscles  of  the  frog  increase  in  weight  after  being  subjected  to  a  pres- 
sure of  400  atmospheres,  but  it  is  not  yet  known  whether  this  change 
is  chemical  or  physical. 

Interesting  points  of  resemblance  are  to  be  detected  between  these 
results  and  those  obtained  by  the  '  Talisman '  deep-sea  explorations ; 
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Milne-Ed  vrards  has  remarked  that  below  2000  metres  the  fauna 
changes.  Observations  should  now  be  made  on  the  characters  of  the 
animals  that  are  brought  up  dead  from  great  depths ;  the  causes  ought 
to  be  comparable,  though  of  course  of  a  converse  nature,  to  those  that 
operate  on  animals  subjected  to  artificial  compression* 

B.  INVEBTEBBATA. 

Intracellular  Digestion  of  Invertebrates.* — E.  Metschnikoff 
insists  on  the  necessity  of  collecting  physiological  as  well  as  morpho- 
logical evidence  before  discussing  the  evolution  of  any  system  of 
organs.  The  author  offers  some  answers  to  the  question  whether  the 
lowest  Motozoa  have  not  retained  the  power  of  using  any  or  all  the 
cells  of  their  body  for  the  purpose  of  ingesting  food,  and  commences 
with  ingestion  by  ectodermal  cells. 

Sponges,  unfortunately,  are  not  well  suited  for  observations  on  the 
activities  of  ectodermal  cells,  and  as  yet  there  is  no  very  definite 
evidence  in  favour  of  intracellular  digestion  by  the  ectodermal  cells  of 
those  Metazoa.  If  powdered  carmine  be  suspended  in  the  water  sur- 
rounding a  Plumularia,  a  considerable  quantity  will  soon  enter  the 
substance  of  the  ectoderm  by  the  nectocalyces,  which  send  out  various 
kinds  of  pseudopodia ;  in  some  cases  these  may  be  seen  eating  up,  by 
moans  of  their  ectoderm,  the  dying  hydranths  of  a  colony  of  Plumu^ 
laria;  the  food  thus  taken  in  remains  in  the  ectoderm  and  is  not 
passed  on  into  the  endoderm.  Aciinice  also  exhibit  ectodermal  diges- 
tion, and  gastrulre  have  sometimes  been  observed  which  are  asymme- 
trical in  form  and  dirty  in  appearance,  owing  to  the  ingestion  by  their 
outer  cells  of  a  large  quantity  of  foreign  matter ;  the  number  of 
particles  in  the  ectoderm  diminishes  as  the  gastric  pouches  become 
developed.  Ectodermal  nourishment  may  also  be  observed  in  the 
ovarian  ova  of  animals  whose  generative  cells  are  ectodermal,  such  as 
Tubularia  and  Hydra, 

Wandering  mesoderm  cells  perform  intracellular  ingestion  and 
digestion  not  only  in  sponges,  but  in  the  larval  forms  of  certain 
Echinoderms,  where  they  digest  the  cellular  d6bris  of  the  disappearing 
organs,  and  pbenomcna  of  this  kind  are  so  constant  among  Echino- 
derms that  they  may  be  regarded  as  normal  and  necessary  events  in 
the  life  of  their  larvsB,  where  they  play  the  same  part  as  the  osteoclasts 
of  vertebrate  bone.  The  author  thinks  that  the  same  resorbent  function 
is  to  be  noticed  in  the  larvae  of  Ascidians,  and  may  perhaps  be  found 
in  Arthropods. 

Metschnikoff  has  extended  to  Aurelia  aurita,  Schneider's  observa- 
tion of  the  resorption  of  generative  products  by  amoeboid  cells  in  the 
Hirudinea.  In  attempting  to  define  the  extent  of  this  property  of 
intracellular  digestion,  the  author  has  studied  the  transparent  and 
hardy  Bipinnaria  asterigera,  and  PhyUirhoe  hucephalum  ;  giant  cells 
appeared  roimd  foreign  bodies  injected  beneath  the  epidermis,  whether 
they  were  merely  particles  of  carmine  or  a  drop  of  human  blood.    In 

•  Arbeit.  Zool.-Zoot.  Inst.  Wurzburg,  v.  (1883)  pp.  141-69  (2  pis.). 
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other  words,  in  most  thongh  not  in  all  cases  we  find  that  when  meso- 
derm cells  are  confronted  with  a  large  mass  of  food-material  which 
they  cannot  devour  singly,  they  fuse  into  a  plasmodium,  which  eats  ap 
the  whole  available  food.  Not  only  blood  but  milk  also  is  absorbed 
by  mesodermal  cells,  and  further  these  cells  appear  to  haye  some 
means  of  distinguishing  between  desirable  and  undesirable  substances. 
The  property  of  ingestion  is  not  confined  to  the  lower  forms,  for  Koch 
has  observed  both  Bacillus  anthracis  and  the  bacillus  of  septicaBmia 
inclosed  in  white  blood-corpuscles;  the  power  of  intracellular 
ingestion  is,  in  other  terms,  used  as  a  protection  against  harmful  bodies 
which  come  to  an  organism  from  without.  Septic  organisms,  then, 
must  be  a  very  old  source  of  trouble,  and  some  arrangements,  such  as 
the  peculiar  test  of  Ascidians  or  the  nematocalyces  of  Plumularia^ 
may  owe  their  origin  to  their  influence. 

Metschnikoff  hopes  that  the  advances  lately  made  by  pathology 
will  benefit  zoology,  which,  in  its  turn,  will  help  to  form  a  compara- 
tive pathology  based  on  the  doctrine  of  eyolution. 

In  a  furfiier  communication*  E.  Metschnikoff  discusses  the  ances- 
tral history  of  the  inflammatory  process.  He  has  lately  applied  the 
name  of  phagocytes  to  certain  cells  which  haye  the  power  of  ingesting 
and  sometimes  of  absorbing  food-particles ;  the  intracellular  absorp- 
tion which  goes  on  in  the  mesoderm  of  the  Inyertebrata,  is  found  to 
obtain  also  in  that  of  the  Yertebrata.  The  tail  of  the  Batrachia, 
during  the  early  stages  of  its  absorption,  contains  a  number  of  cells, 
which,  when  left  undisturbed,  throw  out  fine  radiating  pseudopodia  ; 
these  contained  remnants  of  nerve-fibres  and  muscle-cells :  phagocytes, 
then,  play  as  important  a  part  in  the  metamorphosis  of  Batrachians 
as  of  Echinoderms  ;  and  pathologists  have  afforded  evidence  of  their 
agency  in  the  so-called  active  degeneration  of  muscles  and  nerves. 

A  frog  fed  with  bacteria  was  soon  found  to  have  them  especially 
abundant  in  the  phagocytes  of  the  spleen,  which,  therefore,  is  pro- 
bably a  prophylactic  organ,  analogous  in  function  to  the  nemato- 
calyces of  Plumularia,  The  author  has  tested  in  a  Triton  the  theory 
he  holds  as  to  the  phenomena  of  inflammation  in  invertebrates  being 
primitively  nothing  more  than  a  collection  of  phagocytes  assembled 
to  deyour  the  exciting  object ;  he  touched  a  point  of  the  tail  of 
a  Triton  with  a  small  piece  of  nitrate  of  silver,  and  then  washed  it 
with  salt  solution.  Branched  connective-tissue-cells  collect  round  the 
inflamed  spot,  and  eat  up  blood-corpuscles,  carmine  granules,  and 
particles  of  pigment.  In  the  frog  there  is  evidently  an  active  wander- 
ing of  the  white  blood-corpuscles.  When  a  fully  gorged  phagocyte 
dies,  it  is  immediately  devoured  by  another.  Inflammation  then  is 
not,  as  is  ordinarily  supposed,  due  primarily  to  a  morbid  condition  of 
the  walls  of  the  blood-vessels ;  it  is  a  struggle  between  phagocyte  and 
septic  material,  and  it  is  in  vertebrates  alone  that  the  yascular  system, 
owing  to  the  insufficient  number  of  extra- vascular  phagocytes,  takes 
part  in  the  struggle.  The  active  passage  of  the  white  and  the 
passive  exit  of  the  red  blood-corpuscles  is  rendered  possible  by  the 
changes  in  the  cells  of  the  walls  of  the  capillaries  due  to  the  irrita- 
tion set  up  by  the  poison. 

♦  Quart.  Joum.  Micr.  8oi.,  xxiv.  (1884)  pp.  112-7. 
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ItfCollusca. 

Oustatory  Bulbs  of  Molluscs.* — W.  Flemming  discuBses  the 
nature  of  the  organs  found  on  the  tentacles  of  yarious  molluscs 
which  have  the  structure  of  gustatory  bulbs.  On  the  tentacles  and 
marginal  tactile  organs  of  Trochus  dnerarius  the  author  has  observed 
closely  packed  long  papillffi,  which  are  also  scattered  over  the  edge  of  the 
mantle  and  the  head.  In  a  fresh  papilla  there  is  an  indistinct  internal 
longitudinal  striation  which,  on  isolation,  is  seen  to  correspond  to  a 
central  bundle  of  long  cells ;  these  cells  are  provided  with  fine  short 
cilia,  of  which  there  are  several  on  each  cell ;  by  far  the  largest  part 
of  the  papilla  is  composed  of  epithelial  cells.  Gold-staining  reveals 
the  presence  of  primary  nerves  giving  off  a  large  number  of  lateral 
brauches,  sufficient  apparently  to  supply  each  papilla  with  a  termiual 
nerve.  Structures  of  a  similar  character  are  to  be  found  amoug  the 
Lamellibranchiata. 

The  organs  just  described  may,  it  is  clear,  be  fairly  compared  with 
those  which  F.  E.  Schulze  has  spoken  of  as  the  gustatory  organs  of 
tadpoles,  which  are,  likewise,  freely  projecting  epithelial  papillas ; 
nor  do  these,  except  in  their  position,  differ  essentially  from  the  gusta- 
tory bulbs  of  mammals;  the  only  important  difference  between  the 
organs  of  the  MoUusca  and  the  Vertebrata  is  to  be  found  in  the  fact 
that  in  the  former  the  end-hairs  of  the  central  sensory  cells  project 
freely,  while  in  the  latter  they  still  lie  within  the  bulb ;  as,  however, 
the  ends  of  the  hairs  are,  even  in  the  latter  case,  in  direct  contact 
with  the  surrounding  fluid,  the  difference  is  not  one  of  much  im- 
portance. 

Although  it  is  not  certain  that  the  end-organs  described  as  existing 
in  certain  MoUusca  have  a  gustatory  function,  yet  Haller*s  suggestion 
to  this  effect  has  much  to  recommend  it.  From  the  point  of  view  of 
developmental  doctrines  it  is  certainly  of  interest  to  observe  that  in 
some  forms  there  are  specific  sensory  organs  at  the  very  points  where 
in  most,  and  even  in  the  most  closely  allied  forms,  there  are  only  scat- 
tered ciliated  cells.  It  is  for  the  zoologist  to  extend  the  area  of  these 
observationa 

Morphology  of  the  Eenal  Organs  and  Coslom  of  Ceplialopoda.t 
— 0.  Grobben  first  deals  with  i^epta  officinalis^  then  with  Eledone 
moBchata^  and  next  treats  of  Nautilus  in  a  comparative  way.  As 
is  well  known,  the  last-named  cephalopod  has  four  instead  of  two 
renal  sacs,  but  it  is  not  yet  certain  whether  this  arrangement  is  the 
more  primitive  or  not.  Those  who  regard  Nautilus  as  phylogenetically 
the  more  ancient  form  would  be  natuially  inclined  towards  the  former 
view ;  against  this,  however,  there  are  certain  facts  to  which  Ihering 
has  already  directed  attention.  That  anatomist  has  pointed  out  that 
the  anterior  renal  sac  has  no  connection  with  the  ooelom,  and  that, 
therefore,  it  is  a  structure  which  has  not  been  reduced  in  the  other  or 
dibranchiate  Cephalopoda  ;  Grobben  now  suggests  that  it  is  an  offshoot 
of  the  primitively  simple,  and  in  Nautilus  posteriorly  placed,  kidney ; 

•  Aioh.  f.  Mikr.  Anat..  xxiii.  (1884)  pp.  141-7  (1  pi.), 
t  Arbeit.  Zool.  lost.  Wien,  v.  (1888)  pp.  179-252  (3  pis.). 
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an  explanation  for  its  preaenoe  is  to  be  found  in  the  snppoaition  that 
the  renal  sao  nnderwent  division  in  conscqacnce  of  the  development 
of  the  new  gill  and  the  correlated  appearance  of  a  second  branchial 
artery. 

If  Grobben's  view  of  the  origin  of  the  double  kidney  be  correct, 
it  follows  that  the  two  kidneys  on  either  side  of  the  body  of  Nautilus 
correspond  to  the  single  kidney  of  the  Dibranchiata.  The  great 
cavity  which  contains  the  heart,  stomach,  and  genital  gland  is,  as 
Yigelias  has  already  shown,  the  homologne  of  the  secondary  coelom  of 
the  rest  of  the  Cephalopoda ;  and  it  is  a  matter  of  fiEM:t  that  the 
development  of  this  cavity  is  similar  in  Sepia  and  in  Nautilus.  The 
author  agrees  with  Lankester  and  Bourne  in  regarding  the  pyriform 
appendage  of  Owen  as  the  rudimentary  genital  duct  of  the  left  side. 

The  secondary  ccelom  of  the  other  Mollusca  is  next  discussed. 
It  is  shown  that  in  Sepia  this  cavity  is  a  large  space  which  commu- 
nicates with  the  kidneys  by  the  two  ciliated  funnels,  that  it  is  lined  by 
epithelium  and  contains  in  its  anterior  part  the  heart  with  its  afferent 
and  efferent  vessels,  the  branchial  hearts,  and  the  pericardial  gland  ; 
and  in  its  hinder  part  the  genital  gland  and  the  stomach.  Between 
the  two  halves  there  is  an  incomplete  septum.  If  we  carefully  bear 
in  mind  these  relations,  it  is  not  difficult  to  discover  the  secondary 
coelom  of  other  molluscs.  It  may  be  seen  both  in  Gastropods  and 
Lamellibranchs,  where  the  epithelial  investment  of  the  pericardium 
has  ali'eady  been  detected  by  various  observers.  In  the  former 
(a  g.  Helix)  it  contains  the  heart  and  its  auricle,  in  the  latter  (e.  g. 
Naiades)  the  heart  and  auricles  and  part  of  the  intestine.  This  peri- 
cardium, however,  is  not  the  sole  homologue  of  the  secondary  coelom^ 
the  cavity  of  the  genital  gland  must  be  also  regarded  as  being  origin- 
ally a  portion  of  it,  just,  as  it  is  permanently  in  Sepia, 

Another  organ  which,  in  the  Lamellibranchs,  also  belongs  to  the 
coelom  is  the  reddish-brown  organ  of  Eeber,  which  is  made  up  of 
cceca  lined  by  an  epithelium  which  is  a  direct  continuation  of  that  of 
the  pericardium.  It  may  be  regarded  therefore  as  the  homologue  of 
the  pericardial  gland  of  the  Cephalopoda  and  have  the  same  name 
applied  to  it.    It  has  probably  an  excretory  function. 

In  the  Solenogastres,  as  Hubrecht  has  already  pointed  ou^  the 
body-cavity  is  much  reduced;  the  only  modification  to  be  made  in 
his  account  is  to  include  the  cavity  of  the  genital  gland  as  part  of 
secondary  coelom.  In  Chitons  the  space  is  larger  and  incloses  part 
of  the  digestive  tract. 

After  a  summary  of  the  views  of  preceding  naturab'sts  on  the 
affinities  of  the  Cephalopoda,  Grobben  states  and  expounds  the  view 
that  Dentalium  is  the  remnant  of  a  primitive  form  from  which  the 
Cephalopoda  took  their  origin.  Dentalium  resembles  them  in  its  only 
slightly  disturbed  bilateral  symmetry,  its  elevated  visceral  sao,  and 
in  the  development  of  the  pallial  cavity  behind  that  sac ;  it  differs 
especially  in  having  the  mantle  cavity  open  above.  Other  resem- 
blances are  pointed  out  in  detaiL  The  characters  of  2>efito2tttfii  justify 
the  establishment  of  a  separate  group  of  Solenoconcha. 

Grobben  does  not  agree  with  those  who  regard  the  Pteropoda  as 
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close  allies  of  the  Cephalopoda ;  he  looks  upon  them  rather  as  closer 
to  the  Gktstropoda,  and  thinks  that  the  most  primitive  Pteropods  are 
those  that  are  asymmetrical  externally,  the  bilateral  symmetry  of  a 
number  of  forms  being  due  to  their  pelagic  mode  of  life ;  other  resem- 
blances to  the  Cephalopoda  are  of  an  atavistic  nature. 

In  conclusion,  the  question  whether  the  Mollusca  are  "Pseudo- 
codlia  "  or  ''  Enterocoelia  "  is  answered  in  favour  of  the  latter  view. 

Procalistes:  a  yonng  Cephalopod  with  Pedunculate  Eyes.* — 
Procalisies  Suhmiif  which  Prof.  E.  Ray  Lankester  describes  and  figures, 
is  a  young  cephalopod  with  pedimcuLate  eyes,  whose  general  aspect 
closely  resembles  a  clionid  pteropod,  for  which,  indeed,  the  late  B. 
von  Suhm,  in  his  preliminary  investigation  of  a  living'  specimen,  mis- 
took it.  The  genus  is  similar  to  Cranchia,  excepting  that  the  eyes  are 
pedunculate,  that  the  shorter  perioral  arms  are  aborted,  and  that  the 
longer  (so-called  prehensile)  arms  are  devoid  of  suckers.  In  the 
youngest  stage  observed  there  are  two  rows  of  suckers  on  the  long 
arms  and  six  isolated  and  pedunculate  suckers  surrounding  the  mouth, 
which  appear  to  represent  the  shorter  arms  of  other  oephalopods. 

Oill  in  some  Forms  of  Prosobranchiate  Mollusca.t— H.  L. 
Osbom  describes  the  gill-stracture  of  several  genera  (jOhiUm,  Fiaau- 
reUoy  FfUgur^  SigaretuSy  Crepidtda,  &c)  of  Prosobranchiate  Mollusca. 

In  Chiton  and  in  FiaaureUa  the  gills  are  leafy  blades  attached  to  a 
rachis  and  joined  to  the  body  only  for  a  short  distance,  the  base  of 
this  rachis ;  in  the  prosobranchs  generally  the  gill  consists  of  inde- 
pendent plates,  each  one  attached  to  the  roof  of  the  mantle  cavity, 
and  not  placed  upon  a  stalk  and  borne  free  from  the  mantle  wall. 
The  few  forms  which  are  divergent  from  this  plan  of  structure  are 
readily  seen  to  be  only  secondarily  different  from  it. 

The  anther  briefly  summarizes  the  results  of  his  studies  as 
follows : — The  gill  of  Chiton  and  Fiaaurella  is  closely  like  the  cteni^ 
dtum,  which  Lankester  considers  the  primitive  type  of  molluscan 
gill.  In  ctenobranchs,  almost  universally,  the  gill  is  not  a  ctenidium^ 
but  a  very  much  simpler  organ.  Its  form  compares  closely  with  the 
gill  which  we  have  come  to  regard  as  the  primitive  lamellibranch 
gilL  Incomplete  study  of  ctenobranchs  and  ignorance  of  the  history 
of  the  development  of  the  ctenidia  in  Chiton  and  FiaaureUa  prevent 
more  than  a  conjectural  conclusion.  It  does  not  seem,  however,  safe 
to  accept  the  conclusions  of  Spengel  and  Lankester  that  the  cteno- 
branch  gill  is  derived  from  a  feather-form  gill  like  that  of  FiaaureUa 
by  the  ^ion  of  one  side  with  the  body-wall. 

Kidney  of  Aplysia.} — J.  T.  Cunningham  has  recently  cleared  up 
the  confusion  that  exists  as  to  the  position  and  relations  of  the  renal 
organ  in  Aplysia,  This  organ — i^e  '^ triangular  eland"  of  Delle 
Chiage — is  situated  beneath  the  shell  and  behind  the  pericardial 
cavity;  the  reno-pericardial  opening  was  demonstrated  by  injecting 
the  pericardium  with  Berlin  blue  and  cutting  the  kidney  into  a  series 

*  Quart  Jonm.  Micr.  8oi.,  xxiv.  (1884)  pp.  311-8  (2  figs.). 

t  Stud.  BioL  Lab.  Johns  Hopkins  Univ.,  ui.  (1884)  pp.  87-48  (8  pU.). 

X  MT.  Zool.  Btat.  Neapel,  iv.  (1883)  pp.  420-8  (1  pi.). 
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of  sections ;  by  these  means  it  was  ascertained  that  the  reno-pericardial 
opening  was  continaous  with  a  canal  running  back  through  the  sub- 
stance of  the  kidney  and  opening  below  into  its  cavity.  The  external 
aperture  of  the  kidney  is  situat^  below  the  line  of  attachment  of  the 
gill  which  traverses  the  surface  of  the  organ,  and  close  to  its  posterior 
extremity.  In  structure  the  kidney  consists  of  a  number  of  trabeculsa 
forming  a  network;  in  the  interior  of  the  trabeculss  are  numerous 
blood  lacimsB  which  are  sometimes  traversed  by  delicate  strands  of 
connective  tissue ;  on  either  side  of  the  trabeculsB  are  the  renal  cells, 
none  of  which  appear  to  be  ciliated.  The  kidney  of  Aplyaia  cor- 
responds morphologically  to  the  left  kidney  of  Zeugobranchia  and 
Patella. 

VlBual  Organs  of  LamelUbranchs.* — B.  Sharp  has  examined  the 
edge  of  the  mantle  of  Ostrea  virginica  and  Mitilis  edulis  of  the 
Asiphonata,  and  the  siphons  of  Venw  mercenaria,  Mya  arenaria, 
Madra  solidissima^  besides  the  forms  already  described  for  Solen  enais 
and  S.  vagina.^  The  pigmented  cells  found  in  these  parts  are  essen- 
tially the  same  as  those  found  in  Solen  ensis  and  S.  vagina.  The 
smallest  of  all  the  cells  were  found  in  Oatrea^  and  the  largest  in 
Venus.  Experiments  on  these  forms  show  their  sensitiveness  to 
light  and  shadow,  and  the  cells  showing  the  retinal  character  described 
leave  little  doubt  as  to  the  power  of  vision.  No  nerves  could  be 
demonstrated  passing  direct  to  these  cells,  and  probably  those  distri- 
buted to  the  general  epidermis  serve  in  transmitting  the  impressions. 
The  visual  power  is  so  low,  that  nerves  have  not  been  yet  specialized 
for  this  purpose. 

ItfColluscoida. 

Deyelopment  of  Salpa.} — In  the  second  part  of  his  researches  into 
the  development  of  SalpcB,  Prof.  W.  Salensky  deals  with  four  species, 
viz.  S.  punctataj  8,  fusifarmiSy  S.  hicaudatay  and  8.  democratica; 
the  differences  observed  between  the  species  are  very  considerable, 
and  a  general  rSsumS  is  given  at  the  dose  of  the  memoir  of  the 
differences  in  all  the  species  studied.  The  ovum  is  contained  in  a  fol- 
licle which  is  a  diverticulum  of  the  respiratonr  chamber  and  connected 
with  it  by  a  canal,  the  so-called  oviduct ;  in  8.  pinncUa  and  others,  this 
cavity  disappears  in  time,  but  in  8.  hicaudata  it  persists  as  a  brood 
pouch ;  the  "  oviduct "  opens  upon  the  summit  of  a  fold  of  the  walls  of 
the  respiratory  cavity ;  in  some  species  (e.  g.  8.  pinneUa^  8.  africana) 
another  fold  of  the  respiratory  cavity  of  the  mother  rises  roimd  the 
aperture  of  the  ovidact ;  these  are  termed  8alpce  thecogonoB  ;  in  others 
again  there  is  no  such  fold,  and  this  group  may  be  termed  8aljpcB 
gymnogoncB ;  corresponding  to  this  diffdrence  are  other  differences 
both  in  the  structure  of  the  embryo  and  the  development  of  its  several 
organs. 

In  the  first  group  the  fold  which  immediately  surrounds  the 

*  Proo.  Acad.  Kat.  8ci.  Philad.,  1884,  p.  10.    This  is  the  same  article  which 
was  given  in  brief  abstract,  ante,  p.  213. 
t  Bee  this  Jourual,  antey  p.  89. 
X  MT.  Zool.  Stat.  Neapel,  iv.  (1883)  pp.  327-402  (6  pis.). 
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Aperture  of  the  oyiduct  (epithelhugel)  giyes  rise  to  the  ectoderm  of  the 
embryo  and  to  the  wall  of  the  placenta ;  the  walls  of  the  follicle  are 
deyeloped  into  the  mesodermic  organs  of  the  embryo,  the  intestinal 
canal,  pericardial  cavity,  and  nervous  system,  together  with  the  "  roof" 
of  the  placenta  and  vascalar  tofts;  in  this  group  the  oviduct  is 
transitory  and  soon  disappears. 

In  the  second  group  (Oymnogonce)  there  is  no  outer  fold;  the 
inner  fold  (epithelhugel)  is  transitory  and  the  placenta  is  formed  from 
the  follicle  or  is  merely  transitory  and  conmiences  to  degenerate  by 
assuming  the  appearance  of  a  protoplasmic  network  in  which  the 
separate  cells  are  indistinguishable  ;  the  oviduct  persists,  either  taking 
a  share  in  the  formation  of  the  embryo  {S.  democratica)  or  serving  as 
a  brood  cavity  {S,  hicaudatd)  for  a  short  time  and  then  disappearing. 

The  developmental  process  of  Salpa  is  so  peculiar  that  it  is  very 
difficult  to  compare  it  with  other  known  types  of  development ;  the 
fact  that  the  follicular  cells  take  a  share  in  the  production  of  the 
embryo  (the  process  of  development  being  therefore  both  sexual  and 
asexual)  is  not,  however,  confined  to  this  group.  Lankester  has 
described  a  very  similar  state  of  things  in  GephiJopoda,  where  the 
'*  inner  capsular  membrane  " — the  follicle  itself — grows  into  the  ovum 
and  partly  forms  the  nutritive  yolk ;  recent  researches  also  into  the 
Yertebrata  tend  to  show  that  the  yolk  is  partly  formed  from  the  cells 
of  the  foUide.  Salpa  hicaudcUa  appears  to  represent  the  most  simple 
development  of  all  the  species,  while  further  complications,  such  as  the 
formation  of  a  part  of  the  embryo  by  cells  of  the  oviduct,  tend  to  re- 
move other  Salpa  further  from  the  normal  mode  of  development 
exhibited  in  the  animal  kingdom. 

Budding  of  Anchinia/ — A.  Korotneff  has  observed  a  colony  of 
Afuihinia  to  be  covered  with  small  corpuscles  of  two  kinds,  and  with 
two  modes  of  movement ;  one  was  wavy  in  outline,  the  other  pyriform  ; 
the  former  had  vesicular  contents  and  moved  rapidly  by  means  of 
lobate  pseudopodia,  very  much  like  those  which  are  seen  in  such  a 
form  as  Ama£a  paluatris.  In  the  second  form  the  pseudopodia,  which 
were  confined  to  the  narrower  end,  were  fine  and  filamentar ;  their  con- 
tents were  compact  and  not  granular,  and  there  was  an  aggregation  of 
corpuscles  at  their  centre ;  they  appeared  to  be  completely  analogous 
to  die  primitive  buds  found  by  Uljanin  in  Doliolum,  and  were  not,  as 
the  other  kind  of  bodies,  unicellular,  but  multicellular.  The  author 
has  been  able  to  convince  himself  that  the  simpler  are  developmental 
forms  of  the  more  complex  forms,  and  that  the  change  is  effected  in 
the  following  way.  The  nucleus  of  the  cell  gradually  divides,  and  at 
the  same  time  the  body  of  the  cell  loses  its  vesicular  character  and 
becomes  finely  plasmatic ;  a  separation  of  ectoderm  and  endoderm  is 
very  early  apparent ;  the  cells  of  the  body  gradually  grow,  and  endo- 
dermal  cells  with  large  vesicular  nuclei  become  apparent — these  form 
the  future  ovary,  while  the  remaining  three  cells  go  to  form  the  rudi- 
mentary intestine.  As  the  ectodermal  becomes  separated  from  the 
endodermal  layer,  a  lumen  appears  which  is  the  true  body-cavity. 

♦  Zeitschr.  f.  Wiia.  Zool..  xl.  (1884)  pp.  50-61  (2  pis.). 
Ser.  2.— Vol.  IV.  2  0 
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The  internal  mass  becomes  divided  into  two  sets  of  cells-— the  enterio 
and  ovarian.  The  former  becomes  differentiated  into  the  stomach  and 
pharynx,  and  from  the  latter  the  endostyle  soon  becomes  developed* 
The  nervous  system  commences  as  a  thickening  of  the  ectoderm,  which 
gradually  becomes  converted  into  an  independent  lens-shaped  body, 
the  ganglion.  Within  this  ganglion  a  lumen  arises  which  enters  into 
connection  with  the  lumen  of  the  pharynx,  in  such  a  way  that  an 
outgrowth  of  the  pharynx  is  directed  towards  the  ganglion ;  this  is  the 
so-called  hypophysis  of  the  Tunicata.  The  nerve-ganglion  grows  out 
and  forms  a  nerve-cord. 

The  author's  observations  on  the  development  of  the  gills  were  not 
very  complete,  but  he  has  been  able  to  see  that  the  cloaca  forms  two 
lateral  outgrowths  which  bend  round  the  intestine  and  become  applied 
to  the  pharynx  ;  the  neighbouring  cells  of  the  latter  grow  rapidly  in 
size  and  form  special  groups  ;  where  these  groups  are  formed  open- 
ings appear — the  rudiments  of  the  future  gills.  The  mesoderm 
appear  to  have  no  other  function  in  Anchinia  than  that  of  forming  five 
muscular  bands. 

The  ovarian  cells,  after  having  attained  a  certain  size,  undergo 
absorption ;  from  them  there  appear  to  arise  new  cells,  each  of  which 
has  a  large  nucleus  and  soon  becomes  divided ;  the  function  of  these  is 
very  problematical,  but  we  have  at  present  no  right  to  regard  it  as 
being  renal.  After  some  further  observations  on  the  germinal  cells, 
Korotneff  passes  to  a  discussion  of  the  significance  of  the  phenomena. 

He  commences  by  pointing  out  that  the  maternal  organism  to  which 
the  outgrowth  and  buds  belong  is  completely  unknown.  We  must, 
therefore,  in  any  further  discussion  of  the  question,  base  ourselves  on 
the  analogy  of  the  allied  Doliolum.  If  this  be  justifiable,  then  we  may 
suppose  that  the  unknown  mother  had  a  rosette-shaped  organ  from 
which  the  primitive  buds  became  separated ;  these  are  the  parts  which 
have  given  rise  to  the  buds  here  described.  The  forms  observed  by 
Barrois  and  Eowalevsky  were  sexual,  those  seen  by  Korotneff  had 
the  genital  organs  reduced,  and  indeed  only  ovaries  were  detected  by 
him.  It  would  seem,  then,  that  the  maternal  organism  is  of  the  second 
asexual  generation,  and  we  have  then  the  follovdng  alternation.  The 
problematical  asexual  generation  which  possesses  a  rosette-shaped 
organ,  produces  from  the  primitive  buds  special  buds  which  are  fixed 
on  the  outgrowth.  On  this  follows  a  series  of  similar  buds,  which 
develope  parthenogenetically  until  at  last  some  of  the  buds  give  rise 
to  sexual  organs.  These  last,  by  sexual  means,  give  rise  to  the  first 
problematic  individual.  The  case  is  complicated  by  the  extension  of 
the  asexual  stages,  and  is  analogous  to  what  obtains  among  Aphides. 

The  most  remarkable  of  all  the  phenomena  in  the  development  of 
Anchinia  is  the  change  which  has  taken  place  in  the  relation  of  the 
organs  to  the  germinal  layers.  The  pharynx  is  developed  from  the 
endoderm,  and  the  same  layer  gives  rise  to  the  heart  How  are  these 
very  remarkable  facts  to  be  explained  ?  We  must  either  suppose  that 
the  germinal  layers  of  the  organism  derived  from  the  ovum  are  not 
homologous  with  those  here  described,  or  that  the  germinal  layers 
have  not,  in  the  development  of  the  ^different  organs,  the  special 
significance  that  has  hitherto  been  attributed  to  them. 
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Morphology  of  Flustra  membranaceo-tmncata.* — W.  J.  VigeKus 
makes  this  essay  an  introduction  to  a  proposed  work  on  the  morpho- 
logy of  the  marine  Bryozoa.  The  species  of  Flusira  which  he  has 
examined  offers  another  proof  of  the  trath  of  the  doctrine  that  the  mode 
of  growth  of  the  Bryozoan  stock  is  of  no  value  as  a  means  of  dis- 
tinguishing the  families.  The  nutrient  animal  and  the  avicnlarium 
are  alone  distinctly  differentiated  individuals;  the  brood-capsules 
are  only  organs,  not  individuals.  The  nutrient  animals  may  be 
1)  budding :  these  are  found  on  the  marginal  zone  of  the  colony  ; 
'2)  perfect :  these  are  the  reproductive  forms  ;  (3)  resting ;  and  f4) 
tecaying.  The  two  last  are  only  foimd  near  the  proximal  part  of  the 
stock,  and  are  much  rarer  than  the  others.  The  cystid  and  polypid 
make  up  the  complete  nutrient  animal,  and  in  the  normal  condition 
consist  of  integument,  nutrient  apparatus,  and  parenchymatous  tissue. 
The  author  has  not  been  able  to  convince  himself  of  the  existence  of 
a  nervous  system,  but  he  thinks  that  its  centre  is  perhaps  repre- 
sented by  the  small  rounded  mass  of  cells,  which  lies  on  the 
anal  side  of  the  anterior  wall  of  the  pharynx.  Like  other  writers  at 
the  present  time,  the  author  has  made  some  observations  on  spermato- 
genesis, and  finds  that  the  spermatoblasts  are  derived  from  the  repeated 
division  of  the  spermatospores,  but  they  do  not  form  roimded  or  oval 
masses  of  regularly  arranged  cells  placed  on  a  nutrient  blastophore. 
Yigelius  is  uncertain  whether  the  explanation  of  the  absence  of  the 
blastophore  is  to  be  found  in  the  occurrence  here  of  a  more  primitive 
condition  of  things,  or  in  the  fact  that  the  surrounding  perigastric 
fluid  is  highly  nutritious.  When  the  spermatoblasts  become  converted 
into  spermatozoa  they  are  at  first  pyriform ;  tbe  tail  then  arises  at  the 
narrow  end,  and  becomes  of  some  length. 

The  histolysis  of  the  digestive  tract  is  described,  and  the  brown 
body  is  regarded  as  having  certainly  a  nutrient  function.  The  view 
that  the  cystid  and  polypid  are  parts  of  one  and  the  same  individual 
is  supported  by  the  observations  of  Barrois,  the  organization  of  the 
complete  nutrient  animal,  and  the  history  of  the  process  of  germina- 
tion. The  objection  that  the  living  cystid  appears  separately  is  of 
little  weight,  now  that  Yigelius  has  shown  that  the  modifications  of 
the  cystid  are  not  so  numerous  as  Nitsche  supposed — for  example, 
the  primitive  avicularia  are  not  cystids  but  polypocystids,  the  root- 
filaments  are  organs,  and  not  individuals,  and  the  same  is  true  of  the 
brood-capsules.  As  to  the  objections  based  on  the  periodical  dis- 
appearance and  subsequent  regeneration  of  the  enteric  canal,  an 
answer  is  to  be  found  in  the  general  dictum  that  morphological  facts 
must  not  be  looked  at  from  a  physiological  standpoint,  as  well  as  in 
the  fact  of  the  wide  distribution  of  the  phenomena  of  regeneration 
among  lower  animals. 

The  perigastric  space  is  regarded  as  being  a  true  coelom,  but  at 
the  same  time  Yigelius  adopts  the  view  of  the  Brothers  Hertwig, 
that  the  Polyzoa  are  pseudo-coelia. 

•  Biol.  Centralbl.,  iii.  (1884)  pp.  705-21. 
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Arthropoda. 
a.  Insecta. 

CorflBbus  bifasciatns.* — A.  Laboulb^ne  disotisses  the  sexual 
differences  of  ibis  Coleopteron,  and  tbe  cbsracters  of  its  so-called 
eggs.  He  finds  that  tbe  male  bas  been  mistaken  for  tbe  female,  and 
tbat  tbe  oviform  bodies  are  true  Acari,  in  tbe  body  of  wbieb  develop- 
ing ova  were  to  be  detected  ;  tbe  oviform  body,  then,  is  nothing  bat 
tbe  globular  abdomen  of  the  mite,  which  is  swollen  out  into  a  vesicle 
more  like  that  of  Termites  or  Pulex  penetrans  than  anything  wbieb  is 
found  in  any  other  acarid  of  the  same  family. 

Month  Parts  of  Diptera.t — The  descriptive  part  of  H.  J.  Hansen's 
work  is  preceded  by  a  full  historical  account  of  the  work  of  others, 
from  Swammerdam  to  the  recent  writers,  such  as  Dimmock,  Becber, 
Meinert  and  Krapelin.  It  is  written  in  Danish,  with  a  Latin 
abstract,  or  "  Conspectus  systematicus,"  of  the  chief  results,  and  the 
explanations  of  the  plates  are  both  in  Danish  and  Latin. 

Moutii-Organs  of  Lepidoptera.} — P.  Eirbach,  after  an  account  of 
what  is  generally  known  as  to  the  structure  of  the  mouth-organs  of 
insects  in  general,  and  of  Lepidoptera  in  particular,  proceeds  to  bis 
own  observations.  With  regard  to  tbe  histological  structure  of  the  pro- 
boscis, be  points  out  tbat  the  lowest  portion  is  distinctly  lamellar,  and 
consists  of  thin  transparent  layers,  while  tbe  upper  portion  bas 
chitinous  bodies  deposited  in  its  otherwise  homogeneous  ground 
substance  ;  these  bodies  are  set  at  pretty  regular  distances,  and  always 
have  their  broadest  surface  turned  outwards.  True  scales,  completely 
analogous  to  those  of  the  wings  and  other  parts  of  the  body,  are  to  be 
found  on  the  maxillaa  of  many  moths  and  of  some  butterflies. 

The  author  has  been  interested  in  the  formation  of  the  rod-like 
bodies  found  within  tbe  closed  sucking  canal ;  he  was  at  first  inclined 
to  ascribe  to  them  a  gustatory  function,  but  this  was  opposed  by  their 
possession  of  a  cbitinous  membrane,  and  by  the  presence  of  true  gus- 
tatory organs  within  the  mouth.  Nor  can  they  have  an  olfactory 
function,  but  must  rather  be  tactile  organs  which  test  the  fluidity  and 
viscidity  of  the  fluid — a  not  unimportant  function,  as  tbe  quantity  of 
saliva  that  has  to  be  mixed  with  the  food  depends  on  the  degree  of 
its  viscidity. 

In  answer  to  tbe  very  interesting  question  as  to  bow  tbe  sucking 
canal  is  formed,  tbe  author  points  out  tbat,  owing  to  the  close  apposi- 
tion of  the  two  maxillsD,  a  tube  is  formed  through  the  whole  length  of 
the  proboscis,  and  this  is  nearly  circular.  How  are  the  maxillsB  kept 
closely  united  and  tbe  canal  so  closed  as  to  be  air-tight  without 
restraining  the  powers  of  movement  of  tbe  proboscis?  A  series  of 
closely-applied,  thin,  chitinous  plates  are  inserted-  into  tbe  cbitinous 
ridges  which  are  placed  near  the  sides  of  tbe  groove ;  these  plates  are 

♦  Comptcs  Bendos,  xoviii.  (1884)  pp.  539-41. 

t  H.  J.  Hansen,  *  Fabrica  Oris  Dipterorum/  part  1  (Tabanidn,  Bombyliidad, 
Asilidie,  Thereva,  Midas,  Apiooera),  Svo,  Copenhagen,  1883,  250  pp.  and  5  pis. 
See  Amer.  Natural.,  xviii.  (1884)  p.  274. 

X  Arch.  f.  Naturg.,  1.  (1884)  pp.  78-119  (2  pis.). 
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eet  horizontally  and  aro  much  longer  than  broad ;  they  are  so  arranged 
that  the  clefts  between  the  separate  plates  are  covered  over  as  com- 
pletely as  possible ;  in  Vanessa,  the  marginal  plates  are  beset  with 
lateral  teeth.  In  Pieris,  the  last  eighth  of  the  proboscis  has  its  plates 
smaller,  and  their  course  is  oblique  and  upwards,  instead  of  horizontal ; 
the  spaces  between  the  plates  are  larger,  but  a  compensation  is  afforded 
by  the  deyelopment  of  spines.  The  differences  which  obtain  in  various 
Lepidoptera  are  noted,  but  in  all  it  is  clear  that  a  maximum  of 
strength  obtains  with  a  maximum  power  of  movement. 

The  mechanism  of  sucking  may  be  thus  described: — When  a 
butterfly  thinks  it  has  lit  upon  suitable  food  it  tests  it  with  the 
tactile  corpuscles  of  the  protruded  proboscis,  and  then  slips  the  top  of 
the  proboscis  into  the  fluid ;  with  this  it  mixes  a  certain  quantity  of 
saliva.  The  frontal,  lateral,  and  dorsal  muscles  contract,  and  so  draw 
up  the  operculum  of  the  pharynx ;  by  this  means  a  large  cavity  is 
formed.  At  the  same  time  the  elevator  muscle  of  the  oral  valve  con- 
tracts, and  the  oral  and  proboscidial  canal  are  put  into  communication 
with  the  pharynx,  which  is  almost  empty  of  air.  The  pressure  of  the 
atmosphere  drives  the  fluid  into  the  canal  of  the  proboscis.  As  the 
opercular  muscles  relax,  the  longitudinal  and  transverse  muscles  con- 
tract, and  by  this  means  the  fluid  is  forced  into  the  oesophagus.  When 
the  latter  muscles  relax,  the  opercular  muscles  come  together, 
the  oesophageal  valve  closes  the  hinder  opening,  the  oral  valve  rises, 
and  a  second  stream  of  fluid  enters  the  pharynx.  These  acts  follow 
one  another  so  quickly  and  so  regularly  that  a  continuous  stream  enters 
the  canal  of  the  proboscis.  It  will  be  seen  that  the  author's  account 
differs  from  that  of  preceding  writers,  and  he  is,  apparently,  justified 
in  contending  that  it  is  the  only  one  which  feJls  in  with  the  anatomical 
facts. 

Malpighian  Vessels  of  Lepidoptera.* — M.  Gholodkovsky  has  lately 
added  Tineola  hiseUieUa  to  the  list  of  the  few  insects  that  are  known 
to  have  only  two  Malpighian  vessels ;  these  are  of  some  size,  and  are 
folded  along  the  course  of  the  digestive  canal,  and  end  by  a  distinct 
enlargement.  Suckow  has  described  four  Malpighian  vessels  in  a 
species  of  Pterophorus,  and  of  HyjponomerUa,  but  later  investigations 
show  that  they  really  agree  with  the  great  majority  of  the  Lepidoptera 
in  having  six.  As  embryological  research  has  shown  that  a  small 
number  of  Malpighian  tubules  is  a  primitive  character,  and  that  with 
progressive  development  the  number  increases  either  by  branching 
or  by  histolysis,  succeeded  by  a  fresh  development  of  a  larger  number, 
it  is  clear  that  the  Microlepidoptera  in  which  there  are  but  two, 
while  their  caterpillars  have  six,  exhibit  just  the  reverse  to  what  we 
should  expect^or,  in  other  words,  we  have  here  a  case  of  atavism,  and 
one  which,  as  it  obtains  in  the  imaginal  state  only,  is  a  periodic  rather 
than  a  constant  atavism. 

Abdominal  Muscles  of  the  Bee.t—G.  Garlet  distinraishes  three 
regions  in  the  abdominal  musculature  of  the  bee — dorsal,  lateral,  and 

•  Comples  RcnduB,  xcviii.  (1884)  pp.  631-3. 
t  Ibid.  (1883)  pp.  768-9. 
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Tentral.  All  of  them,  with  the  exception  of  the  aUe  cordis,  whioh 
sabeerre  the  function  of  circulation —and  they  are  more  munerons 
than  is  generally  supposed — take  part  in  respiration,  and  consequently 
in  the  production  of  heat,  which  is  so  important  a  function  in  the 
economy  of  the  bee.  The  mechanism  is  more  complicated  than  is 
ordinarily  believed,  for  when  the  abdomen  shortens  or  elongates  the 
dorsal  and  ventral  surfaces  approach  or  separate  from  one  another ; 
in  other  words,  the  abdomen  dilates  or  contracts  along  three  axes  to 
admit  or  expel  air  by  its  stigmata. 

Flight  of  Insects.* — Dr.  Amans  has  a  second  essay  f  on  the  flight 
of  insects,  in  which  he  describes  the  organs  of  the  Orthoptera. 

Aphides  of  the  Elm.t — J*  Lichtenstein  records  some  observations 
which  have  enabled  him  to  establish  the  fact  of  the  migration  of  the 
Aphides  of  the  elm  {Teiraneura  ulmi)  to  the  roots  of  grasses,  and 
their  return  to  the  trunks  of  the  trees  in  autumn. 

0.  Xirrlopoda. 

Head  of  8eolopendra.§ — This  memoir  (in  English)  treats  in 
detail  of  the  external  anatomy  of  the  parts  of  the  head  in  Scolopendra 
tuhspinipes  Eohlr.,  as  most  typical  of  the  Chilopods.  The  details 
appear  to  have  been  worked  out  with  care,  while  the  drawings  seem 
to  have  been  very  carefully  made  by  the  author,  and  beautifully 
engraved. 

In  the  course  of  his  lengthy  review  of  the  works  of  his  pre- 
decessors, the  author  criticizes  and  disproves  Newport's  views  that  the 
head  of  the  Chilopods  is  composed  of  eight  subsegments.  Four  pages 
of  the  memoir  are  devoted  to  an  elaborate  and  useful  tabular  view  of 
the  opinions  of  forty-six  authors  as  to  the  morphology  and  nomen- 
clature of  the  mouth-parts.  Dr.  Meinert  gives  a  new  explanation 
and  nomenclature  of  the  mouth-parts.  He  also  claims  that  they  are 
analogous  with  those  of  biting  insects,  or,  to  use  his  own  words,  '*  it  is 
purposed  to  serve  me  to  show  the  coincidence  of  the  head  of  Chilopods 
and  its  parts  of  the  mouth  with  the  head  of  the  Insect  and  its  parts 
of  the  mouth,  especially  in  the  Orthoptera,  that  is  to  say,  in  insects 
with  free  biting  parts  of  the  mouth,  and  four  pairs  of  these  parts  or 
four  metamers  in  the  head."  He  does  not  regard  the  antennfe  and 
the  antennal  segment  as  homologues  of  the  other  mouth-parts  and 
segments.  In  his  own  words,  *'  The  real  head  then  must  be  said  to 
consist  of  the  three  foremost  metamers,  together  with  their  exponents 
or  limbs ;  that  is  to  say,  the  labium,  the  maxillad  and  the  mandibles, 
and  besides  of  the  lamina  cephalica,  which  latter,  as  well  as  its 
appendages,  the  antennaa,  I  by  no  means  can  consider  to  be  homo- 
nomeous  with  the  other  metamers  of  the  body  and  of  the  head,  and 
with  their  exponents." 

♦  Bev.  Boi.  Nat.,  iii.  (1883)  pp.  121-39  (2  pla.). 

t  See  this  Journal,  iii.  (1883)  p.  832. 

i  Gomptes  Rendos,  xovii.  (1883)  p.  1572. 

§  F.  Meinert,  *  Caput  ScolopendrsD.  The  Head  of  tlie  Scolopendra  and  its 
Muscular  System,*  77  pp.  and  S  pis.  4to,  Copeuhagen,  1883.  ISee  Amer. 
Natural.,  xviii.  (1884)  pp.  270-2. 
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7,  Araolmlda. 

Skeletotrophic  Tissnes  and  Coxal  Glands  of  Limnlns,  Scorpio, 
and  Mygale.  — E.  Bay  Lankester  points  out  the  necessity  for  a 
detailed  and  comprehensiye  study  of  the  connective  and  other  tissues 
of  the  skeletotrophic  group  in  both  Arthropoda  and  Mollusca 
'*  before  we  can  pretend  to  offer  any  satisfactory  account  of  the  yas- 
oular  system  in  those  groups,  and  of  the  '  lacunar '  connection  between 
arteries  and  veins,  which  is  confidently  described  and  discussed  by  all 
zoologists,  but  has  never  yet  been  demonstrated  to  exist  in  a  manner 
satisfying  the  requirements  of  modem  histology." 

In  the  account  of  the  structure  of  the  entostemites,  the  author 
says  that  it  seems  possible  to  morphologically  define  '^  cartilage  "  by 
the  isolation  of  each  one  of  its  constituent  cells  in  a  firm  matrix,  and 
by  the  triaxial  multiplication  of  those  cells,  whether  the  matrix  be 
homogeneous,  fibrillated,  or  penetrated  by  reticular  condensations* 
A  well-marked  entostemite  has  for  the  first  time  been  found  among 
the  Crustacea,  and,  curiously  enough,  in  the  most  archaic  form,  Apus. 
After  a  careful  description  of  the  various  forms  of  connective  tissue 
the  author  passes  to  the  blood-corpuscles  of  Limulua  and  Scorpio^ 
which  agree  remarkably  in  form,  size,  and  granulation ;  both  contain 
a  large  quantity  of  htemocyanin,  and  are  both,  in  bulk,  of  a  deep 
indigo-blue  colour. 

The  coxal  glands  are  next  dealt  with;  their  minute  structure 
points  to  their  forming  an  active  secretory  apparatus,  the  materials 
for  which  are  brought  to  them  by  the  intercadcal  tissue ;  they  may 
well  be  compared  with  the  green  glands  (antennary  coxal  glands)  of 
the  Decapod  Crustacea,  from  which,  however,  they  differ  in  having 
no  definite  outlet,  and  in  the  structure  of  the  epithelial  colls.  The 
author  justly  points  to  the  occurrence  of  ''  these  glands  in  their  cha- 
racteristic position,  and  with  their  characteristic  corticated  secretory 
cells  in  Limtdus  on  the  one  hand,  and  in  Scoryio  and  Mygale  on  the 
other,"  as  auother  argument  in  favour  of  that  classificatory  alliance 
of  Limulus  with  the  Arachnida,  of  which  he  has,  in  earlier  essays, 
afforded  so  mauy  instructive  demonstrations. 

8.  Crtistaoea. 

Liver  of  Decapods.f — J*  Frenzel  gives  a  short  account  of  the 
results  of  his  investigation  of  the  gland  of  the  mid-gut,  or  liver, 
of  twenty-six  species  of  Decapods.  The  epithelium  of  this  gland 
consists  of  fat-cells  and  ferment-colls;  the  size  of  them  does  not 
seem  to  differ  with  that  of  the  individual,  but  to  bo  pretty  constant 
in  each  species.  In  Carcinm  they  are  *  07  mm.  and  in  Pcdinurus 
*06  mm.  in  diameter.  In  section,  each  tube  of  the  gland  is  seen  to 
be  invested  by  a  delicate  fringe,  which  is  more  or  less  distinctly 
striated,  and  which  has  the  function  of  a  porous  cuticle.  The  longi- 
tudinal striation  seen  in  the  upper  part  of  the  cells  calls  to  mind 
that  which  obtains  in  the  cells  of   the  mid-gut  of  insects  and 

•  Quart.  Journ.  Micr.  Sci.,  xxiv.  (1884)  pp.  129-62  (7  pla.). 
t  SB.  K.  Akad.  Wias.  Berlin,  xliL  (1883)  pp.  1113-9. 
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of  certain  Cmstaoea.  Within  the  oella  there  are  spheres  or  drops, 
which  yary  in  size  and  number,  but  almost  always  occupy  nearly  die 
whole  of  ihe  coll ;  they  are  generally,  though  not  always  colourless, 
and  their  exact  chemical  composition  has  not  been  definitely  made 
out,  though  they  present  in  some  cases  the  reactions  of  £Eitty  bodies. 

Between  these  cells  lie  others,  the  number  of  which  varies  consi- 
derably, but  is  always  in  direct  relation  to  the  nutritiye  condition  of 
the  individual.  They  present  the  same  fringe  and  longitudinal 
striation  as  the  fat-cells ;  the  greater  part  of  each  is  filled  by  the  true 
secretion-bodies  which  are  almost  completely  spherical,  surrounded 
by  a  delicate  membrane,  and  containing  crystals  which  appear  to  be 
formed  of  tyrosin.  When  the  ferment-cells  are  set  free  the  vesicles 
and  their  contents  make  their  way  into  the  stomach  and  intestines. 
If  the  animal  is  in  a  normal  condition  the  contents  are  graduallj 
extracted  and  dissolved;  but  if  the  nutrition  or  digestion  is  in 
a  disturbed  condition,  as  is  often  the  case  with  animals  in  confinement, 
then  the  ferment-vesicles  pass  almost  unchanged  from  the  intestine 
with  the  fasces. 

The  organ  of  the  mid-gut  cannot  rightly  be  called  a  liver,  for  it 
has  not  that  which  is  the  prime  characteristic  of  a  liver — colouring 
matters,  nor  can  bile-adds  or  bile-colouring  matters  be  detected  in 
its  secretions.  It  is  possible  that  the  fatty  cells  also  contain  a  fer- 
ment, but  the  presence  of  it  has  not  as  yet  been  definitely  proved. 

'Challenger*  Copepoda.* — O.  S.  Brady's  report  on  the'Challenger' 
Copepoda  has  just  appeared ;  it  contains  a  description  of  43  new 
species  and  11  new  genera.  One  of  the  latter,  Pontostratiotes^ 
which  contains  but  a  single  species  aibymcola^  is  an  undoubted  deep- 
sea  form,  having  been  dredged  in  a  depth  of  2200  fathoms ;  it  is 
characterized  by  an  unusual  development  of  spines  upon  the  carapace 
and  anterior  antennas ;  it  is  possible  that  a  certain  number  of  other 
forms,  Calanus  princeps,  Hemicalanus  aculeaius,  Phyllopu8  hidentaius^ 
which  came  up  in  the  dredge  from  great  depths,  are  also  abyssal,  but 
in  these  cases  it  is  not  positively  certain  that  the  specimens  really 
came  from  the  bottom.  The  other  Ck)pepoda  were  all  taken  in  the 
surface  net  at  the  actual  surface  and  at  various  depths  below.  Like 
most  other  pelagic  organisms,  the  genera  and  even  the  species  are 
very  widely  distributed.  A^  accurate  analysis  of  the  looedities  in 
which  all  the  species  were  obtained  is  given,  and  the  geographical 
areas  into  which  the  ocean  is  divided  are  the  same  as  those  used  in 
the  report  on  the  Ostracoda,  viz.  North  Atlantic,  South  Atlantic, 
South  Indian  Ocean,  Australasia,  South  Pacific,  North  Pacific,  East 
Asia.  Of  the  90  free-swimming  species  here  tabulated,  only  one 
(Enchceta  presiandrece)  was  found  in  all  the  seven  districts,  but  no 
fewer  than  nine  species  occurred  in  all  but  one  of  the  areas.  The 
area  producing  the  smallest  number  of  species  (15)  is  the  South 
Indian  Ocean;  from  the  North  Pacific  the  number  is  not  much 
greater,  22.    Leaving  out  of  consideration  the  fish  parasites,  which 

♦  *  Report,  &c.,  H.M.S.  Challouger/  Zoology,  xxiii.  (1883)  4to,  H2  pp. 
(55  pis.). 
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were  extraordinarily  few  in  number,  the  largest  number  of  species 
were  obtained  from  the  North  Atlantic,  South  Atlantic,  Eastern 
Asiatic,  and  Australasian  seas. 

The  Arctic  and  Antarctic  oceans  seem  more  favourable  to  the 
growth  of  the  Copepoda  than  other  regions,  the  number  and  size  of 
me  individuals  being  larger  here  than  elsewhere.  The  Tropical  and 
Sub-tropical  seem,  however,  to  maintain  the  largest  number  of  species 
and  genera,  though  no  one  form  is  so  abundant  as  is  Calanus  fin- 
marchicw  of  the  Polar  seas. 

The  report  contains  a  description  of  all  the  new  species  as  well 
as  of  several  others  already  known  to  science,  and  is  illustrated  by  a 
number  of  woodcuts  and  55  plates. 

Longipedina  Faguri* — W.  Miiller  describes  a  new  Ck)pepod  of 
the  family  of  the  Marpactidaa,  for  which  he  forms  a  new  genus  as 
above.     It  was  found  living  parasitically  on  species  of  Pagurus, 

CytheridflB.t — W.  Miiller  has  some  observations  on  the  genera- 
tive organs  of  these  Crustacea.  The  penis  is  composed  of  a  number  of 
movably-connected  chitinous  ridges  with  bundles  of  muscular  tissue ; 
the  differences  presented  by  dififerent  forms  are,  probably,  of  greater 
interest  to  the  systematist  than  the  morphologist.  The  following 
table  shows  the  relations  of  the  parts  in  Cypris  and  Oythere : — 


Cypris. 


Cythere. 


Female. 
Vagina. 

Male, 

Penis,  hinder 
part? 

Female. 

Vagina,     or     rudimentary 
vagina  (lobi  abdominales). 

Male. 

Hinder  part 
of  penis. 

Penis. 

External  appendage  of  the 
rudimentary  organ. 

Penis,  with- 
out hinder 
appendage. 

Mucous  gland. 

Budimeutary  organ. 

A  list  is  given  of  the  species  found  in  the  North  and  Baltic  Seas, 
and  a  new  genus  Cytherais  is  formed  for  C.  virena  n.  sp.  It  approaches, 
but  is  not  so  much  modified  as  Paradoacostoma  in  the  character  of 
its  mouth-organs ;  it  is,  however,  clearly  adapted  for  taking  in  fluid 
nutriment,  the  mandibles  being  unarmed,  and  there  being  no  organs 
which  serve  to  comminute  the  food. 

Deep-Sea  Gni8tacea4 — Among  the  remarkable  forms  of  deep- 
sea  Crustacea  collected  by  the  *  Talisman '  is  one  to  which  A.  Milne- 
Edwards  has  given  the  name  of  NemcUocarcinua  gracilipes;  it  is  dis- 
tinguished by  the  extraordinary  length  of  its  antennsB,  and  by  tho 
attenuation  of  its  ambulatory  appendages. 

♦  Arch.  f.  Naturg.,  1.  (1884)  pp.  19-23  (1  pi). 

t  Ibid,  pp.  1-18  (  2  pis.). 

X  Nature,  xxix.  (1884)  pp.  531-3. 
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Vermes. 


Beyelopment  of  Worm  Lanrs.* — J.  W.  Fewkes  has  some  rmiher 

scattered  observations  on  tbe  development  of  certain  worms. 

1.  Prionospio  tenuis.  It  is  pointed  out  that  defensiye  sete  or 
spines  are  only  foond  on  free-swimming  annelid  lam,  and  this  &ct 
leads  to  the  suggestion  that  they  are  special  organs  for  defence,  rather 
than  ^  ancestral  features,**  descended  from  fossil  forms,  which,  according 
to  A.  Agassiz,  they  sometimes  closely  resemble. 

2.  Spio  sp.  This  larva  is  telotrochal,  and  has  a  large  preoral  lobe 
with  an  equatorial  ring  of  cilia  and  embryonic  spines,  which  arise 
from  tar-like  backward  projections  of  the  head.  Scattered  pigmoit- 
spots,  but  no  cephalic  eye- spots  are  present  When  the  Lura  is 
alarmed  the  spines  on  its  body  are  raised,  and  project  at  all  angles 
to  their  point  of  origin. 

3.  Artcidea  sp.  There  is  a  resemblance  to  Spio^  but  also  certain 
points  of  distinction ;  the  oldest  larvaa  have  the  long  provisional  setiB, 
but  not  the  other  cephalic  appendages  of  the  larval  S^o, 

4.  A  polytrochal  larva,  taken  about  the  end  of  the  smnmer,  had  two 
flat  circular  ear- like  appendages  (''  auricles  **)  on  the  sides  of  the  head. 

5.  Tel^savtis  (?).  The  larval  forms  doubtfully  referred  to  this 
genus  are  very  common  at  Newport ;  it  is  so  large  as  to  be  easily 
distinguished  by  the  naked  eye  as  it  swims  about  in  the  water. 

6.  PhyllocJuBiopterus  sp.  This  larva  closely  resembles  the  pre- 
ceding, but  is  distinguished  by  the  absence  of  lateral  cephalic  tentacles. 

7.  Nephthys  sp.  The  youngest  larvaB  have  a  great  resemblance  to 
those  of  PolygordiuSf  but  the  pattern  of  colour  on  the  anal  pole  is 
characteristic.  A  movement  of  the  eye-spots  from  the  head  to  the 
fourth  body-segment  was  noticed,  but  the  means  by  which  it  was  ac- 
complished were  not  quite  clear. 

8.  Lepidonoius  squamaius  (?).  The  youngest  larvad  were  mono- 
trochal. 

9.  Nereis  sp.  The  mandibles  were  seen  to  be  well  developed  at  an 
early  stage. 

10.  Pilidium  recurvatum.  This  name  is  provisionally  given  to  an 
interesting  form,  which  has  many  structural  relationships  to  Tomaria 
{Balanoglosstui)  and  Actinotrocha  (Phoronis),  The  interior  of  the 
larva  is  occupied  by  an  oesophagus,  and  '*  an  amniotic  cavity,  which 
contains  a  growing  Nemertine  worm  '* ;  the  oesophagus  is  continued 
into  the  intestinal  cavity  of  the  young  Nemertine.  This  form  passes 
through  a  remarkable  metamorphosis  in  which,  however,  no  part  of 
the  imrse  is  unabsorbed,  even  the  pigmented  regions  of  the  amnion 
being  detected  in  an  enlargement  at  the  hinder  end  of  the  worm. 
The  author  regards  this  absorption  of  the  larval  envelope  as  one  more 
characteristic  pointing  to  the  close  affinities  of  the  Nemerteans  with 
the  Echinodermata. 

11.  Polygordius.  The  Lovenian  larvae  are  among  the  commonest 
of  those  found  at  Newport ;  in  the  figures  here  given  attention  is 

♦  Bull.  Mub.  Comp.  Zool.  Oumb.,  xi.  (1883)  pp.  167-208  (8  pis.). 
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directed  to  the  peculiar  brown  bodies  found  near  tbe  '*  bell  margin," 
which  seem  to  be  characteristic,  and  to  the  ventral  nerye-cords  which 
have  never  yet  been  represented. 

12.  CaptteUa,  13.  Luwbriconereis,  The  jaws  of  this  larva,  when 
simplest,  have  a  remote  resemblance  to  the  chitinous  teeth  of 
Branchiobdella  asiaci, 

14.  Nectonema  (igili8[e].  Some  observations  are  made  on  this 
worm,  the  affinities  of  which  are,  as  Yerrill  suggests,  probably  with 
the  Nematoidea. 

Excretory  Apparatus  of  Hirudinea.* — ^F.  Vejdovsky  gives  some 
new  facts  respecting  the  segmental  organs  of  leeches ;  these  organs 
consist  of  a  terminal  vesicle  into  which  opens  a  simple  duct  connected 
at  its  dorsal  extremity  with  a  gland  consisting  of  a  number  of  large  cells 
traversed  by  a  winding  branched  duct  In  Clepsine  hioculaia  and  other 
species  the  central  duct  of  the  glandular  portion  of  the  organ  breaks 
up  here  and  there  into  a  fine  network.  The  whole  of  the  segmental 
organ  which  has  no  cilia  is  surrounded  by  a  rich  network  of  blood 
capillaries  in  Htrudo  medidnalis  and  AuhitoTna  gtdo  ;  in  Nephelis  and 
other  genera  this  vascular  sheath  is  entirely  wanting.  The  segmental 
organs  of  the  Hirudinea  resemble  those  of  ChcBtogtuter  more  closely 
than  any  other  form ;  in  neither  is  there  a  ciliated  funnel  or  cilia 
developed  along  the  course  of  the  duct ;  the  glandular  portion  of  the 
organs  is,  however,  but  slightly  represented  in  ChcUogaster^  and  it  is  not 
known  whether  the  duct  is  branched  in  this  region.  Both  these  fami- 
lies are  degenerate  OligochsBta,  and  the  segmental  organs  are  evidently 
traceable  to  the  type  found  in  Oligochntaand  have  no  connection  what- 
ever with  those  of  Cfunda  and  other  Planarians ;  the  branched  ducts 
of  the  latter  are  not  comparable  to  the  fine  ramifications  in  the  leech's 
segmental  organs,  since  they  are  provided  with  independent  walls, 
while  the  ramifications  of  the  central  duct  of  the  nephridium  in  the 
Hirudinea  are  contained  within  the  substance  of  the  glandular  cells 
themselves.  An  additional  proof  of  the  direct  relation  between  the 
segmental  organs  of  the  Hirudinea  and  the  OligochsBta  is  to  be  found 
in  the  close  similarity  of  the  development 

Function  of  Fiement  of  Hirudinea.! — B.  Saint-Lonp  finds  thai 
when  a  young  Nephelis  has  been  eating,  the  three  hinder  portions  of  the 
four  into  which  its  intestine  may  be  divided  are  covered  on  their  surface 
with  small  yellowish-brown  granulations  which  gradually  become 
closely  packed ;  they  are  arranged  on  the  walls  of  the  capillaries 
which,  clearly,  carry  to  the  blood  the  digested  food.  In  die  adult  the 
tunic  of  yellowish-brown  spherules  lies  on  the  inner  face  of  the 
musculo-cutaneous  layer,  but  remains  in  relation  to  the  intestine  by 
means  of  the  fine  vessels  which  invest  its  walls.  The  author  has  been 
able  to  demonstrate  the  continuity  between  the  yellowish  spherules 
and  the  pigment-granules,  and  there  appears  to  be  in  the  Hirudinea 
a  special  excretory  or  pigmentary  function  in  these  yellowi»h-brown 
cells.     A  further  question  arises  on  the  relations  which  exist  between 


♦  SB.  K.  Bolim.  Geflcll.  Wiss.,  1883,  pp.  273-80  (1  pi 
t  Comptos  BenduB,  xcviii.  (1884)  pp.  441-4. 
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the  pigmentary  and  the  hepatic  functions ;  with  regard  to  the  latter 
we  have  to  note  that  in  the  Yertebrata,  the  liver  has  two  functions ; 
the  first  and  most  important  is  the  reception  of  certain  matters  from  the 
blood  which  are  deposited  in  it ;  the  second  is  the  excretion  of  these 
products.  The  function  of  these  parts  may  lie  in  separate  organs, 
and  Saint-Loup  thinks  that  the  former  is,  in  the  Hirudinea,  effected 
by  the  colls  which  line  the  capillaries  in  contact  with  the  intestine  of 
Nephdis^  and  by  the  yellow  globules  which  are  found  in  the  paren- 
chyma of  Clepsine,  But  the  elimination  is  not  effected  by  bil^uots 
but  by  the  pigments ;  the  function  of  the  bile  as  a  fluid  accessory  to 
the  digestive  juices  is  performed  by  the  secretion  of  the  walls  of  the 
digestive  tube. 

The  study  of  the  development  of  the  liver  in  certain  invertebrates 
and  in  the  vertebrata  has  shown  that  it  is  formed  at  the  expense  of  the 
walls  of  the  intestine,  and  sometimes  from  a  diverticulum  of  it ;  the 
anther  thinks  that,  in  the  Hirudinea,  it  is  formed  not  only  by  this  por- 
tion of  the  intestine,  but  also  by  yellowish-brown  spherules,  and  it  is 
from  this  point  of  view  only  that  we  can  give  to  the  tunica  villosa 
and  homologous  organs  of  worms  the  definite  name  of  liver. 

Otocysts  of  Arenicola  grubii.* — E.  Jourdan  describes  the  otocysts 
of  Arenicola  grubii  as  being  placed  in  the  middle  of  muscular  bundles  at 
some  distance  from  the  hypoderm,  and  as  surrounded  by  the  connec- 
tive envelope  of  these  bundles.  They  are  united  to  the  oesophageal 
commissures  by  several  nerves,  and  are  placed  at  the  side  of  the  dorsal 
surface.  The  otocysts  are  always  perfectly  circular,  and  their  cavity 
measures  *  14  mm.  in  diameter,  while  the  sphere  itself  is  *  22  mm.  in 
diameter,  so  that  the  walls  are  of  some  thickness.  These  walls  are 
formed  by  a  layer  of  fusiform  cells,  a  plexus  of  fibrils,  and  a  connec- 
tive envelope.  Only  feeble  indications  of  cilia  could,  with  difficulty, 
be  detected.  The  cells  narrow  at  their  base  and  curve  about  in 
Tarious  directions,  anastomosing  to  form  a  very  delicate  layer  of 
fibrils  which,  at  the  base  of  the  epithelial  layer,  unite  to  form  a  zone 
intermediate  between  the  nerve-fibres  and  the  base  of  the  cells.  The 
otoliths,  like  the  otocysts,  are  always  spherical,  but  they  vary  greatly 
in  size  and  number. 

Manayunkia  speciosa.! — £•  Potts  supplements  Dr.  Leid/s  de- 
scription of  this  genus  (erroneously  recorded  as  Manyunkia  at  p.  231) 
by  former  observations  of  his  own,  demonstrating  its  strictly  fresh- 
water habitat,  the  apparent  grouping  of  the  tentacles  on  two  processes 
on  the  lophophorcs,  and  the  difference  in  the  effect  produced  by  the 
motion  of  the  cilia  as  compared  with  a  polyzoon.  In  the  latter  a 
powerful  **  incurrent "  bears  food  to  the  mouth  as  a  vortex ;  in  the 
former,  while  the  motion  draws  the  particles  from  without  or  behind 
the  circle  towards  the  tentacles,  when  they  pass  by  them  they  are  in- 
fluenced by  an  "  excurrent "  bearing  them  forcibly  away.  A  specimen 
isolated  in  a  microscopic  stage  tank,  for  some  reason,  loft  its  old 
tube  and  formed  another,  giving  him  the  opportunity  of  observing 

*  Comptos  Rcndus,  xcviil.  (1884)  pp.  757-8. 
t  Proc.  Acad.  Nat.  Sci.  Philud,  1884,  pp.  21-4. 
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the  character  of  the  latter,  and  the  method  of  its  constntction.  In 
its  earliest  stages  it  is  a  transparent,  smooth,  and  homogeneous  slime* 
like  excretion,  within  which  the  worm  may  be  very  clearly  seen,  as  it 
works  its  way  forward  or  drags  itself  backward  by  means  of  its  pedal 
hooks  and  spines.  Later  on,  the  anterior  extremity  thickens  and 
becomes  more  and  more  opaque,  and,  as  Dr.  Leidy  has  observed, 
"feebly  annulated,"  presumably  from  the  adherence  of  effete 
particles,  and  their  compression  by  the  repeated  withdrawal  of  the 
ciliated  tentacles  into  the  mouth  of  the  tube.  This  method  of  pro- 
longation must  continue  during  the  residence  of  the  worm,  and  in 
consequence,  if  supported,  it  may  sometimes  reach  a  length  which  is 
several  times  that  of  its  inhabitant. 

Miss  S.  G.  Foulke  has  also  examined  *  the  worm  and  describes  the 
pulsation  of  the  green  tentacles. 

To  ascertain  how  long  the  cilia  upon  the  tentacles  would  continue 
their  motion  after  separation  from  the  body  of  the  worm,  both  lopho- 
phores  of  an  adult  were  cut  off  above  their  junction. 

At  first  the  tentacles  remained  closed  from  the  shock,  but  soon 
they  were  expanded,  the  cilia  displaying  active  motion,  and  presently 
the  two  separated  lophophores  began  to  move  about  in  the  zoophyte 
trough.  This  motion  was  produced  by  the  action  of  the  tentacles, 
which  bent  in  all  directions,  the  tips  touching  the  glass,  and  was  not 
a  result  of  the  currents  produced  by  the  cilia.  In  a  few  minutes  one 
lophophore  had  crawled  in  this  manner  quite  across  the  trough,  while 
the  other  remained  floating  in  the  water  near  its  first  position.  In 
the  case  of  this  latter  the  motion  was  produced  by  the  ciliary  currents, 
and  was  entirely  distinct  from  the  crawling  above  noted.  During 
this  time  the  decapitated  worm  had  sunk  to  the  bottom,  and,  though 
turning  and  twisting  a  good  deal,  did  not  attempt  to  protrude  the 
mutilated  support  of  the  lophophores.  Its  body  was  so  much  con- 
tracted that  the  segments  were  not  above  one-third  their  usual  size. 

At  the  end  of  five  hours  the  worm  was  apparently  dead,  numbers 
of  infusoria  had  collected  to  prey  upon  it,  and  the  surface  of  the  body 
presented  a  roughened  appearance  as  though  covered  with  tubercles. 
The  lophophores  were  still  crawling  and  swimming  about.  At  the 
end  of  the  eighth  hour  the  lophophores  had  ceased  to  crawl,  but  the 
ciliary  action,  though  feeble  and  uncertain,  still  continued.  The 
body  of  the  worm  was  then  covered  with  a  thick  fungoid  growth, 
consisting  of  transparent  rod-like  filaments  8/16  in.  in  length ;  some 
of  the  filaments  presented  a  beaded  appearance.  All  motion  of  the 
cilia  upon  the  tentacles  had  ceased,  and  these  also  were  being  devoured 
by  infusoria. 

Life-History  of  Thala88ema.t — H.  W.  Conn  describes  (in  a  pre- 
liminary paper)  the  early  stages  of  development  of  Thala89ema  tndUta 
that  inhabits  empty ''  sand-dollar  shells."  Its  anatomy  is  much  the  same 
as  that  of  Echiurua  described  by  Sprengel.  It  is  dioecious.  The  ova 
and  mother-cells  of  spermatozoa  are  simply  modified  cells  of  the 
peritoneal  lining  of  the  body-cavity,  in  which,  whilst  developing,  they 

♦  Proo.  Acad.  Nat  Sci.  Philad.,  1884,  pp.  48-49. 
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float  freely,  being  driven,  when  mature,  into  two  sexual  ponches  at  the 
anterior  end  of  the  body. 

In  about  fifteen  minutes  after  fertilization  two  polar  globules 
are  protruded  from  the  egg,  exhibiting  a  rhythm  precisely  aimilftr  to 
that  of  the  segmenting  ova.  SegmoDtation  is,  exceptionally  among 
Annelids,  perfectly  regular  and  uniform.  About  the  6th  hour  a  gas- 
trula  is  formed  by  a  typical  invagination,  and  at  the  same  time  the 
region  opposite  the  blastopore  becomes  marked  off  as  the  anterior 
extremity  and  already  functions  as  a  head.  A  preoral  band  of  cilia 
appears  and  is  subsequently  replaced  by  a  raw  of  longer  and 
more  powerful  cilia.  The  transformation  of  the  gastrula  into  a 
trochosphere  larva  takes  place  by  a  peculiar  method  of  growth 
whereby  the  direction  of  the  long  axis  is  changed.  The  mesoderm 
has  a  dual  origin  resulting  in  two  different  systems.  First  there  is 
formed  the  two  mesodermal  bands  so  common  to  Annelid  larv®, 
and  the  second  part  of  the  mesoderm  consists  of  a  large  number  of 
unicellular  muscles  that  separate  from  the  endoderm  at  the  time  of 
the  invagination,  having  thus  an  origin  very  similar  to  that  of  the 
mesoderm  in  Echinoderms. 

Three  other  ciliated  bands  soon  make  their  appearance,  one 
immediately  behind  the  mouth,  a  second  just  in  front  of  the  anus, 
and  a  third  is  found  upon  the  ventral  median  line  in  precisely  the 
place  where  the  ventral  nerve-chain  is  to  arise.  It  is  thus  seen 
that  both  the  cerebral  ganglion  and  the  ventral  nerve-chain  are 
preceded  by  the  development  of  cilia  from  the  very  cells  from 
which  the  nervous  elements  are  to  arise,  an  interesting  point  as 
indicating  that  already  these  cells  are  differentiated  as  nervous 
elements,  although  at  first  there  is  no  trace  of  any  nervous  system. 
The  further  changes  observed  were  the  segmentation  of  the  meso- 
dermal bands  and  the  origination  of  the  ventral  nerve-cord  from  the 
ectoderm  as  a  bilateral  structure. 

Spermatogenesis  and  Fecundation  in  Ascaris  me^^ocephala.* — 
P.  Hallez  &ds  that  the  spermatospores  of  Ascarts  megalocephdla 
are  at  first  formed  of  a  homogeneous,  extremely  transparent,  and 
nucleated  protoplasm.  Increasing  in  size  they  give  rise  by  division 
of  the  nucleus  to  four  protospermatoblasts  which  become  sepa- 
rate. These  similarly  produce  a  second  generation  of  cells— the 
deutospermatoblasts,  and  have  a  central  blastophore  in  young, 
though  not  in  old,  males.  When  the  deutospermatoblasts  attain  to 
a  size  of  6  /x  in  diameter  their  protoplasm,  which  was  before 
homogeneous,  becomes  finely  granular.  When  they  have  a  diameter 
of  about  18  fithej  divide  into  two,  and  henceforward  their  protoplasm 
is  filled  with  refractive  granules.  Before  they  pass  into  the  seminal 
vesicle  the  spherical  cells  conjugate  by  pairs,  and  the  nuclei  fuse  with 
one  another.  Two  cells  again  separate,  and  at  this  moment  eor- 
puscles  like  polar  globules  are  to  be  observed ;  these,  which  the  author 
calls  waste-corpuscles  {corpuadea  de  rebut)  finally  entirely  disappear. 

The  deutospermatoblasts  are  then  introduced  into  the  organs  of 

♦  Comptea  Rendus,  xcviii.  (1884)  pp.  695-7. 
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the  female,  and  are  at  this  time  18  to  19  /a  in  diameter,  spherical  in 
form,  having  their  protoplasm  filled  with  refractive  granules,  which  call 
to  mind  the  vitelline  grannies,  and  they  have  a  nuclens  which  is  easily 
stained.  In  the  female  organs  the  refractive  or  nutrient  granules 
diminish  gradually  and  finally  disappear.  The  deutospermatoblasts 
now  present  the  most  varied  forms,  and  look  more  like  Amcehce,  It 
is  at  this  time  they  become  spermatozoa,  the  substance  of  which  is 
formed  from  the  interior  of  the  cells,  and  appears  first  as  a  differen- 
tiation of  the  protoplasm,  and  surrounded  by  a  delicate  granular  layer 
— the  remains  of  the  deutospermatoblast ;  it  is  remarkable  that  the 
deutospermatoblast  is  constantly  outside  the  spermatozoon.  This 
latter  has  at  first  the  form  of  a  rounded  cylinder,  but  its  surface 
rapidly  becomes  spiral  and  one  end  en^ges  as  the  other  diminishes. 
At  the  moment  of  fecundation  the  ovnm  is  surrounded  by  a  finely 
striated  zone,  to  which  the  conical  spermatozoon  becomes  attached 
by  its  base ;  the  yolk  contracts  slowly,  the  spermatozoon  enters,  but 
there  is  apparently  no  micropyle ;  the  peripheral  part  of  the  yolk 
forms  a  granular  zone  which  surrounds  the  male  element,  part  of 
which  advances  as  a  fusiform  male  pronucleus  to  fuse  with  the  female 
pronucleus.    The  yolk  again  contracts  and  a  polar  globule  is  formed. 

Structure  of  Derostoma  Benedeni.* — P.  Francotte,  after  an  histo- 
rical review  of  the  characters  of  the  genus  Derostoma  and  its 
rhabdocoelous  allies,  gives  a  short  diagnosis  of  the  new  species  he  has 
discovered  at  Andenne,  where  it  was  found  in  a  stream,  in  the  midst 
of  a  number  of  Tubifex  rivulorum  on  which  it  feeds.  In  the  ante- 
rior part  of  the  body  the  epithelial  cells  are  higher  than  elsewhere, 
their  cilia  are  longer,  and  between  the  cells  the  ends  of  nerve-fibres 
could  be  detected,  though  their  exact  relations  were  not  made  out. 
The  pharyngeal  bulb  is  largely  formed  of  muscular  fibres,  and  is 
moved  by  a  set  of  thick  fibres  which  are  attached  to  its  dorsal  and 
ventral  surfaces  and  so  produce  movement  in  all  directions.  The 
muscular  fibres  in  all  parts  of  the  body  are  smooth  and  non- 
nucleated  ;  they  appear  to  be  formed  of  a  large  number  of  delicate 
fibrils. 

When  a  specimen  has  been  rendered  transparent  it  is  possible  to 
see,  in  the  anterior  region,  two  ganglia  united  by  a  transverse  com- 
missure ;  each  of  these  ganglia  gives  off  two  nerves  which  pass  to 
the  epithelium,  and  two  others  which  are  longer  and  pass  backwards 
to  innervate  the  various  organs  of  the  body ;  on  the  ventral  surface 
of  the  worm  there  is  yet  another  pair  of  nerves.  The  two  ganglia 
and  the  commissure  are  formed  externally  by  ganglionic  cells,  while 
the  centre  is  filled  with  nerve-fibrils ;  on  the  course  of  the  nerves 
large  nerve-cells,  similar  to  those  of  the  central  nervous  system,  are 
not  rarely  met  with.  The  cells  which  line  the  digestive  tract  are 
stated  to  be  globular  during  digestion,  and  to  be  elongated  in  sections 
made  from  fasting  specimens. 

The  penis  is  not,  as  in  some  species,  chitinous,  but  is  formed  of 
muscular  fibres.    Between  the  ovary  and  the  reoeptaculum  seminis 

♦  Ball.  Acad.  R,  Belg.,  vi.  (1883)  pp.  723-35  (1  pi.). 
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tbere  is  a  ciecal  glandular  tube,  which  appears  to  be  a  degenerating 
ootype,  which  now  probably  servos  as  the  organ  which  secretes  the 
fluid  which,  on  hardening,  forms  the  chitinous  shell  of  the  egg.  In 
addition  to  what  the  author  has  already  discovered  in  the  characters 
of  the  excretory  system,  he  is  now  able  to  state  that  the  large  trunks 
are  formed  of  flattened  clear  cells,  that  the  lacunee  are  filled  with 
corpuscles,  and  that  there  are  very  delicate  canaliculi,  without  any 
proper  wall,  which  unite  the  lacunas  with  one  another.  In  opposition 
to  Lang,  the  author  still  regards  these  lacunas  as  representing  a  true 
coelom.  HsBmoglobin  has  been  detected  in  the  anterior  part  of  the 
body. 

Opisthotrema,  a  New  Trematode.* — P.  M.  Fischer  describes  anew 
Trematode,  which  he  calls  Opisthotrema  cochleare^  and  which  was  taken 
from  the  tympanic  cavity  of  Halicore  dugong ;  it  is  remarkable  for  the 
characters  of  its  generative  organs,  and  especially  for  the  fact  that 
they  open  at  the  hinder  end  of  the  body — hence  the  generic  name. 
These  openings  are  separate  from  one  another,  ventral  in  position,  and 
placed  at  the  base  of  a  circular  pit  with  well-defined  margins. 

The  testes  are  paired  and  symmetrical,  rounded  in  form,  but  more 
or  less  distinctly  lobed  at  their  periphery ;  as  the  production  of  sper^ 
matozoa  increases,  the  lower  segment  of  the  testes  approaches  nearer 
and  nearer  to  the  ventral  surface.  The  testes  consist  of  tubes,  often 
dosely  packed,  and  bounded  by  a  homogeneous  structureless  envelope, 
which  is,  apparently,  a  direct  continuation  of  the  cuticle.  The 
separate  tubes  are  connected  together  by  a  fibrous  connective  tissue, 
and  are  covered  by  a  common  envelope  which  appears  to  be  of  the 
same  structure  as  that  of  the  separate  tubes.  In  young  examples, 
naked,  epithelial,  finely  granulated  cells  are  to  be  found  within  the 
tubes ;  these,  by  division,  give  rise  to  the  cells  which,  in  older  forms, 
are  found  grouped  into  rosettes :  with  these  are  associated  thick  cords 
of  compressed  mature  seminal  filaments. 

Like  the  testes,  the  seminal  ducts  are  paired,  and  have  the  common 
testicular  investment  continued  on  to  them,  while  the  extremely 
delicate  muscular  layer  is  now  better  developed.  As  the  ducts  enter 
the  penial  sheath  they  become  united,  and  their  lumen  widens  out, 
being  here  homologous  to  the  so-called  vesicula  seminalis  anterior  of 
other  Trematodes ;  the  width  of  the  coiled  tubes  varies  with  the 
maturity  of  their  contents.  The  penis  is  so  arranged  that,  on  its 
extension,  there  is  a  pressure  on  its  cavity  and  on  the  full  seminal 
reservoir,  the  contents  of  which  are  thereby  forced  into  the  vagina. 
The  penis  has  no  armature  of  spines. 

As  in  other  Trematodes,  the  unpaired  ovary  is  followed  by  the 
yolk-glands  and  the  complex  of  shell-glands;  connected  with  the 
oviduct  is  a  receptaculum  seminis,  which  is  of  very  regular  ellipsoidal 
form  in  young,  though  not  in  old  individuals. 

In  discussing  the  mode  of  fertilization  of  the  Trematoda,  the 
author  points  out  that  there  may  either  be  self-impregnation  or 
conjugation  with  another  individual.     The  former  may  be  effected  by 

♦  Zcitachr.  f.  Wiss.  Zool.,  xl.  (1884)  pp.  1-41  (1  pi.). 
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a  third  yas  deferens,  or  there  may  be  self-oopnlation,  the  erected 
penis  being  received  into  the  adjoining  female  duct,  or,  lastly,  the 
genital  cloaca  may  come  into  function,  its  opening  to  the  exterior  being 
closed  by  muscles,  the  contraction  of  which  drives  the  expelled  sperm 
into  the  va^na.  As  to  the  form  now  under  consideration,  we  know 
that  there  is  no  third  vas  deferens,  and  that  the  penis  would  have  to 
be  extraordinarily  bent  to  bo  able  to  enter  the  adjoining  female 
orifice ;  while,  finally,  the  absence  of  a  genital  cloaca  excludes  the 
possibility  of  self-fertilization  by  its  aid.  The  author  describetS  the 
mode  by  which  he  supposes  two  of  these  hermaphrodite  Trematodes 
may  fertilize  one  another. 

The  system  of  excretory  vessels  may  be,  in  Trematodes,  ordinarily 
divisible  into  three  parts ;  the  first  of  these,  the  central  organ,  which 
is  distinguished  from  the  other  parts  by  its  muscular  investment,  was 
not  detected  in  the  new  genus.  At  the  hinder  pole  of  the  body  thero 
are  to  be  seen  two  well-developed  canals,  which  pass  forwards  and 
are,  at  about  the  middle  of  the  body,  provided  with  lateral  branches, 
two  of  which  are  much  longer  than  the  third ;  from  these  there  again 
arise  fresh  lateral  branches,  which  end  blindly  and  never  anastomose 
with  one  another ;  these  ducts  are  bounded  by  a  doubly-contoured 
membrane,  which  is  regarded  as  being  certainly  a  continuation  of  the 
external  cuticle.  Within  this,  and,  especially,  applied  to  its  walls, 
are  granules  of  some  size,  and  high  refractive  power.  The  author 
was  unable  to  detect  the  ciliated  infundibula  described  by  Fraipont 
and  Pintner. 

In  his  account  of  the  nervous  system,  Fischer  directs  attention  to 
structures  which  appear  to  represent  ventrally  placed  and  peripheral 
ganglionic  cells,  the  presence  of  which  is  of  especial  interest  when 
we  know  that  the  ventral  body-muscles  are  particularly  well  developed 
in  this  form. 

The  parenchyma  of  the  body  is  composed  of  cells  which  vary 
greatly  in  form  and  appearance ;  at  the  anterior  pole  of  the  body  they 
are  smaller  and  rounder  than  at  the  hinder  end ;  when  largest,  they 
have  a  striking  resemblance  to  those  of  planta 

The  specimens  for  examination  were  hardened  in  absolute  alcohol, 
coloured  with  picrocarmine  or  haamatoxylin,  sometimes  with  an 
ammoniacal  solution  of  carmine.  They  were  rendered  transparent 
by  oil  of  cloves,  and  by  being  set  np  in  Canada  balsam  and  chloro- 
form for  permanent  preparation,  or  in  glycerine  when  the  sections 
were  not  intended  to  be  preserved. 

Folycladidea.* — A.  Lang  has  published  the  first  half  of  his 
monograph  on  these  worms.  It  will  be  remembered  that  the  author 
has  divided  the  Turbellaria  ^the  Nemertinea  being  excluded)  into 
Folycladidea,  Tricladidea,  ana  Rhabdocoelida.  He  now  subdivides 
the  first  suborder  into  two  tribes:— I.  P.  acotylea,  where  we  have 
the  tliree  families  of  Planoceridce,  LeptoplanidsB,  and  Cestoplanida) ; 
and  II.  P.  cotylea,  including  the  Anonymidae,  PseudoceridsB,  Eury- 

♦  Fauna  n.  Flora  dcs  Golfcs  voii  Neapel,  Monographic  xl.  (1884)  part  i., 
240  pp.  (24  pis.). 
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leptidad,  and  ProsthiosiomidsB.  He  arranges  the  bibliographical  per* 
tion  under  epoclis ;  the  first  of  these  begins  with  O.  F.  Miiller,  1774 
(or  Stroeni,  1768),  and  ends  with  Mortens  1832.  Mortens  begins  and 
Qoatrefages  (1845)  ends  the  second  period ;  the  third  ends  with 
Eeferstein  in  18G8  ;  and  the  fourth  with  Graff  in  1882.  In  all,  we 
have  the  titles  of  153  books  and  papers. 

The  work  proper  commences  with  an  account  of  the  methods  of 
investigation ;  the  best  preparations  were  obtained  by  the  following 
means : — 

Prepared  animals  were  placed  for  from  8  to  14  days  in  picro- 
carmine ;  much  of  tbe  picrin  was  then  removed  by  alcohol  of  70  per 
cent. ;  they  were  then  placed  for  from  one  to  four  days  in  Grenacher's 
borax-<^armine,  and  then  in  feebly  acidulated  alcohol.  In  this  way 
the  protoplasm  was  distinctly  coloured  by  picrocarmine,  and  the  nuclei 
by  the  borax-carmine,  while  the  long-continued  action  of  the  former 
produced  a  slight  maceration,  which  was  an  extraordinary  assistance 
in  making  out  the  boundaries  of  tbe  cells.  Mayer's  cochineal  method 
is  the  best  for  the  investigation  of  glands.  As  usual,  Beale*s  carmine 
was  very  successfully  used. 

A  general  review  of  the  organization  of  the  Polycladidea  leads  to 
a  series  of  chapters  in  which  the  different  organs  are  discussed ;  the 
epithelial  investment,  which  is  always  very  distinctly  marked,  and 
consists  of  more  or  less  high  cylindrical  cells,  is  separated  from  the 
tissues  of  the  body  by  a  resisting  basal  membrane,  and  is  always 
covered  with  closely  packed  and  relatively  short  cilia,  which  are  set 
on  a  resisting  cortical  layer  of  the  cells,  which  may  bo  regarded  as 
the  cuticle. 

Contrary  to  what  happens  in  most  Triclads  and  all  RhabdoccBlids, 
the  '*  rhabdites  "  always  lie  in  the  epithelium  and  never  in  the  paren- 
chyma of  the  body ;  and  this  is  the  most  primitive  arrangement.  The 
mucous  rods  or  pseudorhabdites  are  next  considered ;  those  found  in 
the  Triclads  differ  in  many  important  points  from  the  similarly  named 
parts  found  by  Graff  in  the  Rhabdocoelidse.  Some  forms  are  very 
elegantly  coloured.  True  nematocysts  are  known  in  one  species  only, 
and  the  calcareous  bodies  described  by  Schmarda  do  not  seem  to  have 
a  real  existence. 

In  the  next  chapter  the  dermomuscular  system  is  first  dealt 
with ;  the  external  layer  of  diagonal  fibres  on  one  side  of  the  body  is 
shown  to  be  the  direct  continuation  of  the  internal  layer  of  the 
opposite  side.  Suckers  are  of  two  kinds ;  the  first,  found  in  all  the 
Cotyleay  is  to  be  distinguished  from  those  which,  in  the  Leptoplanidaa, 
lie  between  the  generative  orifices,  and  have  clearly  a  relation  to  the 
reproductive  function.  Dorso ventral  muscular  fibres  are  ordinarily 
well  developed.  All  the  fibres  of  the  Polycladidea  are  thin,  elongated, 
more  or  less  highly  refractive,  and  exhibit  no  differentiation  into  an 
axial  substance  and  a  peripheral  layer.  The  dorsoventral  fibres  are 
delicately  branched  at  either  end,  but  this  would  not  seem  to  be  the 
case  with  those  of  the  dermal  system,  except  in  the  walls  of  the 
suckers. 

The  body  parenchyma  is  next  described,  and  it  is  stated  that 
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Minot  and  Hallez  ore  quite  right  in  believing  that  the  interspaces 
between  all  the  organs  are  completely  filled  up  with  this  substance ; 
the  appearance  of  spaces,  such  as  was  seen  by  Eeferstein  in  his  sec- 
tions, is  obviously  due  to  imperfect  conservation. 

In  the  chapter  on  the  digestive  apparatus  we  have  an  account 
of  the  external  mouth  of  the  phar3aigeal  pouch,  which  is  separated 
from  the  intestine  by  a  *'  diaphragm,"  and  of  the  pharynx,  the  origin 
of  which  is  explained  by  some  diagrammatic  figures;  the  gastro- 
vascular  apparatus,  as  the  rest  of  the  digestive  tract  is  called,  is 
described  in  considerable  detail ;  the  functions  of  this  region  would 
appear  to  be  manifold,  for  not  only  has  it  a  digestive  function,  but 
Lang  agrees  with  Grafif  in  ascribing  to  it  a  respiratory  one  also. 

The  investigation  of  the  excretory  or  water-vascular  system 
was  attended  with  considerable,  difficulties ;  the  author  was  able  to 
convince  himself  that  no  connections  obtained  between  the  central 
cavity  of  the  excretory  cell  and  the  lacunas  in  the  parenchyma  of  the 
body.  On  the  whole,  this  system  in  the  Polyclads  agrees  with  the 
typical  arrangement  of  other  Turbellaria  and  of  the  Platyhelminthes ; 
its  highly  ramified  condition  is  to  be  explained  as  due  to  the  absence 
of  a  special  body-cavity  and  of  a  blood-vascular  system.  "The 
excretory  system  is  compelled  to  seek  out  the  excretory  products  in 
every  part  of  the  body." 

The  historical  review  of  what  has  been  taught  as  to  the  nervous 
system,  similar  to  that  which  precedes  the  discussion  of  all  the  organs, 
is  of  considerable  length.  The  cerebrum  is  a  transversely  oval  mass  of 
some  size,  and  is  indistinctly  divided  behind  into  two  lobes ;  it  gives 
off  a  number  of  nerves  which  are  large  in  proportion  to  its  size,  so  that 
the  origin  of  these  is  somewhat  difficult  to  follow  out.  At  a  short 
distance  from  the  cerebrum  the  ten  strongest  nerves  are  all  connected 
by  a  commissure;  the  six  anterior  nerve-trunks  soon  branch  and 
anastomose ;  the  two  longitudinal  tnmks  give  off  a  number  of  trunks 
which  supply  all  the  hinder  parts  of  the  body,  and,  like  the  rest,  are 
connected  by  a  number  of  anastomoses.  The  ganglionic  cells  of  the 
central  organ  may  be  multi-,  bi-,  or  unipolar,  and  vary  considerably 
in  size ;  the  largest  are  the  multipolar,  and  these  are  larger  than  any 
other  cells  of  the  body,  with  the  exception  of  the  ova ;  the  nucleus 
ii3  in  all  cases  large  and  vesicular.  The  central  part  of  the  brain  is 
occupied  by  a  finely  fibrous  substance,  in  which  no  nuclei  or  ganglia 
can  be  made  out,  and  the  constituent  fibres  anastomose  with  one 
another.  The  nerves  themselves  are  composed  of  extremely  delicate 
fibres,  which  are  only  feebly  stained  by  reagents. 

The  sensory  organs  may  be  tactile,  optic,  or  auditory ;  all  the 
Polycladidea  do  not  possess  tentacles,  for  they  are  absent  in  the  Lepto- 
planida  and  the  Cestoplanida ;  some  of  the  former  have,  however, 
rudimentary  tentacles.  The  tentacles  may  be  either  dorsal  in  position 
and  confined  to  the  anterior  part  of  the  body  ("  nape-tentacles "),  or 
they  may  be  marginal.  In  the  Planocerida  the  former  are  always 
movable,  and  in  all  cases  they  may  be  regarded  as  parts  which  have 
been  inherited.  The  marginal  tentacles,  on  the  other  hand,  are 
structures  which  clearly  have  arisen  since  the  Polydad-stook  was 
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differentiated,  and  are  to  be  referred  for  a  cause  to  the  creeping  modo 
of  life  of  these  worms;  some  of  these  marginal  tentacles  have  the 
form  of  a  fold,  and  are  indeed  nothing  more  than  permanent  folds  of 
the  anterior  margin  of  the  body  in  which  the  primitiye  (and  in 
Anonymu8  the  persistent)  sensory  organs  were  more  numerously 
aggregated.  From  these  folded  tentacles  the  pointed  ones  appear  to 
have  been  derived.  Auditory  organs  have  been  found  only  in  Lepto^ 
plana  otophora.  In  addition  to  the  special  organs,  it  is  to  be  noted  that 
the  whole  surface  of  the  Polyclad  body  is  extremely  sensitive. 

In  the  tenth  chapter  the  author  commences,  but  does  not  complete 
his  account  of  the  generative  organs,  a  notice  of  which  must  therefore 
be  postponed  till  the  second  part  of  this  important  work  is  published. 

Early  Stages  in  the  Development  of  Balanoglossns.* — W.  Bate- 
son  describes  with  great  minuteness  the  early  stages  in  the  develop- 
ment of  an  undetermined  species  of  BalanoglossuSj  up  to  the  formation 
of  the  layers  and  the  commencement  of  the  nervous  system.  Especial 
stress  is  laid  on  the  points  of  difference  between  this  larva  and 
Tomarta,  The  Balanoglossns  larva  is  opaque,  has  no  preoral  or  longi- 
tudinal postoral  bands  of  cilia,  water-vascnlar  system,  eye-spots,  or 
contractile  string,  thereby  differing  remarkably  from  Tomaria,  which  it 
resembles  on  the  other  hand  in  the  possession  of  a  transverse  band  of 
cilia  and  an  apical  tuft  of  cilia.  A  striking  similarity  is  observed  to 
exist  between  the  general  history  of  the  early  development  of  this  larva, 
and  that  described  by  Hatschek  for  Amphioxus,  this  resemblance  being 
more  particularly  strong  in  the  situation  and  mode  of  origin  of  the 
central  nervous  system  and  of  the  mesoblastic  somites. 

New  Eotatoria.t — Dr.  E.  v.  Daday,  after  devoting  several  years 
to  the  study  of  the  Hungarian  Rotifera,  especially  those  of  Tran- 
sylvania, in  1882  visited  the  groups  of  pools  in  the  Mezos^y,  and 
found  in  the  Mezo-Zaher  pool  several  new  species,  one  of  them 
representing  a  new  genus. 

Brachionus  Margdi  n.  sp.  most  nearly  approaches  B,  amphtceros^ 
especially  as  regai'ds  the  processes  of  its  carapace  ;  but  in  that  species 
the  processes  are  all  of  equal  lengths,  while  they  differ  in  length  in 
the  new  one.  The  essential  distinction  between  the  two  species  is  to 
be  sought  in  the  rotatory  organ,  the  muscidature,  the  jaws,  and 
salivary  glands. 

Schizocerca  n.  gen.  8.  diversicomts  n.  sp.  resembles  Brachionus  in 
internal  organization,  but  differs  so  much  from  the  Brachionea,  and, 
indeed,  from  all  Eotatoria,  in  the  structure  of  its  foot,  that  the  author 
regards  it  as  the  typo  of  a  new  genus. 

Aspianchna  iriophihalma  n.  sp.  is  one  of  the  largest  of  the  Boti- 
fera,  and  very  similar  to  A.  Sieboldii  (Noiommata  SiehoMii  Leyd.) 
in  the  form  of  the  body,  the  digestive  apparatus,  and  the  ovary.  But 
the  nervous  system,  the  aquiferous  vessels,  and  the  construction  of  tho 
rotatory  organ  show  such  considerable  differences  that  the  author  has 
no  hesitation  about  separating  the  two  species,  and  he  gives  the  new 

♦  Quart.  Journ.  Micr.  Scl,  xxiv.  (1884)  pp.  208-36  (4  pis.), 
t  Math.  Naturwiss.  Bor.  aiis  Uiigarii,  i.  p.  201.      See  Ann.  and  Mag.  Nat. 
Hist.,  xiii.  (1884)  pp.  309-10. 
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ono  the  namo  of  A.  triophthalma^  becanso  besides  the  frontal  eye, 
seated  upon  the  cBsophageal  ganglion,  it  possesses  two  other  smaller 
eyes  placed  at  a  distance  from  the  ganglion,  and  provided  with  visual 
nerves.  The  male  of  A.  Sieholdii  possesses  on  each  side  of  its  body  a 
triangular  process ;  but  no  such  appendages  occur  in  the  male  of  the 
new  species. 

Echinodermata. 

Echlnoderm  Morphology. — Dr.  P.  Herbert  Carpenter,*  and  W. 
Percy  Sladen,!  have  essays  dealing  respectively  with  the  apical 
system  of  the  Ophiurids,  and  the  homologies  of  the  primary  larval 
plates  in  the  test  of  brachiate  Echinoderms.  The  latter  sketches  the 
difference  in  the  history  of  the  development  of  the  different  groups, 
after  noting  that  during  growth  there  is  a  more  or  less  centrifugal 
movement  of  plates,  and  that  there  are  two  natural  sets  of  plates — a 
basi-oral  or  interradial,  and  a  radio-terminal  or  radial  series.  In  tho 
earliest  stages  of  the  Crinoid  the  former  primarily  constitutes  tho 
whole  calyx ;  during  growth  the  radial  series  developes  with  dis- 
proportionate rapidity,  and  at  a  comparatively  early  stage  predominates 
over  the  basal  series.  In  the  Ophiurid  the  radials  are  formed  first, 
and  the  basals  appear  later.  In  the  Astcrid,  as  in  the  Crinoid,  there 
is  a  retarded  radiid  growth.  In  both  A  sterid  and  Ophiurid  the  outer 
plate  of  the  retarded  series  appears  earlier  than  the  inner,  and  in  both 
the  representatives  of  the  under-basals  are  not  formed  until  the  other 
plates  are  well  developed.  Sladen  thinks  the  facts  now  known  point 
to  the  conclusion  that  the  Ophiurid  is  derived  from  a  more  highly 
developed  Crinoid  than  the  Asterid,  which  arose  from  a  more  primitive 
ancestor,  and  the  two  forms  have  advanced  along  collateral  lines  of 
descent.  In  both  Aster  ids  and  Ophiurids,  plates — the  terminals— are 
found  at  the  end  of  the  arms,  which  are  apparently  without  any 
homologues  in  the  Crinoid.  Dr.  Carpenter  urges  very  strongly  the 
use  of  a  reasonable  terminology  in  the  description  of  Crinoids. 
Against  the  view  that  the  under-basals  represent  the  dorsocentral 
plate  of  the  young  urchin,  he  puts  forward  the  additional  argument 
that  not  only  has  Marsupitea  a  dorsocentral  plate  as  well  as  under- 
basals,  but  the  same  is  true  of  some  Asterids  and  Ophiurids. 

Development  of  Comatula4 — E.  Perrier  recognizes  three  phases 
in  the  life-nistory  of  Comatula — the  Cystidean,  Pentacrinoid,  and  free 
Comatulid. 

At  the  end  of  the  first  phase  the  young  has  no  buccal  tentacles 
or  arms,  its  digestive  tube  forms  a  half-spire,  and  there  is  an  anus  at 
the  side  of  the  body.  A  U-shaped  tube  serves  to  introduce  i^ater 
into  the  tentacular  apparatus,  but  it  is  not  certain  that  it  is  the 
homologue  of  the  sand-canal  of  other  Echinoderma  The  stalk 
contains  six  cords  of  cells,  one  of  which  is  central,  and  is  prolonged 
into  the  swollen  part  of  the  body,  so  as  to  occupy  the  axis  of  the 

•  Quart.  Joum.  Micr.  Sci.,  xxiv.  (1884)  pp.  1-23  (1  pL). 

t  Tom.  cit,  pp.  24-42  (1  pi.). 

X  Gomptes  Rendufl^  xoviiL  (1884)  pp.  444-6. 
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spine  formed  by  the  digestivo  tube ;  it  occupies  just  the  same  position 
as  the  sand-canal  of  Echinids.  The  swollen  upper  portions  of  tiie 
other  five  cords  give  rise  to  the  chambered  organ.  The  arms  do  not 
appear  simultaneously,  but  successively. 

In  the  Pentacrinoid  stage,  in  which  there  is  no  trace  of  a  vascular 
system,  the  axial  organ  retains  the  histological  structure  of  the  ovoid 
organ  of  the  preceding  phase ;  the  cirri  arise  from  the  central  cord  of 
the  stalk,  and  the  arms  from  the  five  peripheral  cords.  In  the  last 
phase,  the  axial  organ,  which  has  the  structure  of  the  sand-canal  of 
Asterids  and  the  position  of  the  similarly-named  canal  in  Ekshinids,  is 
dearly  seen  to  have  a  nutrient  function  in  relation  to  the  cirri. 

Pharynx  of  an  unknown  Holothurian.* — Prof.  H.  N.  Moseley 
minutely  describes  the  pharynx  of  an  unknown  Holothurian  belonging 
to  the  Dendrochirot®,  in  which  the  calcareous  skeleton  is  remarkably 
developed. 

The  specimen  was  dredged  in  the  Sulu  sea,  no  traces  being  found 
of  the  body  to  which  it  belonged.  It  measures  about  1|  in.  in 
length,  thus  exceeding  in  size  any  of  the  previously  known  examples 
with  which  the  author  compares  and  contrasts  it.  Additional  interest 
attaches  to  its  possible  palaBontological  significance  as  the  publication 
of  the  present  account  and  figure  may  lead  to  the  recognition  of 
fossil  Holothurian  remains  hitherto  imdetected. 

Coelenterata. 

Mesenterial  Filaments  of  Alcyonaria.t — The  chief  results  arrived 
at  by  E.  B.  Wilson  from  a  study  of  the  structure  and  development  of 
the  mesenterial  filaments  in  numerous  Alcyonaria  arc  as  follows : — 

The  six  short  filaments  are  formed  as  local  thickenings  of  the 
septa,  the  rudiments  appearing  often  before  the  breaking  through  of  the 
stomodadum  and  '*  while  the  invaginatcd  ectoderm  was  still  every  whero 
separated  from  the  entoderm  by  the  supporting  himella  ** ;  this  shows 
clearly  that  these  filaments  are  of  entodermic  origin,  though  later  they 
become  continuous  with  the  inner  ectodermic  wall  of  the  oesophagus. 
It  appears  from  the  investigations  of  the  Hertwigs  and  Erukenberg 
that  these  structures  are  the  only  organs  of  digestion,  and  this  result 
is  abundantly  confirmed,  diatoms  and  other  foreign  bodies  being 
continually  seen  within  the  substance  of  the  entodermic  filaments, 
and  occur  within  the  entoderm-cells  covering  the  septa  or  the  dorsal 
filaments. 

The  two  long  dorsal  filaments,  on  the  contrary,  are  purely  ecto- 
dermic in  origin,  being  downgrowths  from  the  stomodaBum ;  the 
structure  of  these  filaments  is  quite  different  from  that  of  the  ento- 
dermic filaments  ;  the  dorsal  filaments  ore  concerned  in  the  production 
of  currents,  the  cilia  always  working  upwards.  The  dorsal  filaments 
are  developed  earlier  and  more  rapidly  in  the  buds  than  the  ento- 
dermic filaments,  and  the  reasons  for  this  are  to  be  sought  in  the 

♦  Quart  Journ.  Micr.  Sci.,  xxiv.  (1884)  pp.  255-61  (1  pi.). 
t  MT.  Zool.  Stat.  Neapol,  v.  (1884)  pp.  1-26  (2  pis.). 


ZOOLOGT  AND  BOTANY,  ITIOBOSOOPT,  ETC.  891 

''  physiological  conditions  existing  in  the  bud  and  not  in  the  egg 
embryo,"  where  the  entodermic  filaments  are  the  first  to  be  developed ; 
this  condition  is  evidently  the  need  for  food  ;  the  bud  embryo,  unlike 
the  egg  embryo,  has  no  deutoplasm,  and  is  therefore  dependent  upon 
food  brought  to  it  from  the  nutritive  zooids ;  thus  the  early  develop- 
ment of  the  dorsal  filaments  which,  as  already  stated,  serve  as  circu- 
latory organs ;  and  since  the  nutritive  supply  must  evidently  come 
from  below,  the  currents  produced  by  the  dorsal  filaments  work 
upwards. 

The  paper  concludes  with  some  general  comparisons  which  are  of 
the  highest  interest ;  it  is  suggested  that  the  dorsal  filaments  are  not 
merely  the  analogues  but  tho  homologiies  of  the  alimentary  canal  of 
higher  animals ;  if  the  two  became  fused  "  we  should  have  a  digestive 
tube  surrounded  by  closed  cavities,  in  the  walls  of  which  are  developed 
the  muscles."  This  fusion  does  actually  take  place  temporarily  during 
digestion,  and  in  Alcyonium  the  filaments  appear  sometimes  to  fuse 
permanently.  In  this  case  the  "  radial  chambers  of  an  Anthozoan 
correspond  to  the  mesodermic  diverticula  of  EDterocoela,"  a  view  which 
has  already  been  set  forth  by  several  morphologists.  With  the 
exception  of  the  Haimeida,  all  Alcyonaria  show  a  marked  bilateral 
symmetry,  and  the  radial  chambers  may  be  considered  as  the  unpaired 
diverticula  and  a  series  of  lateral  paired  diverticula ;  the  latter  may 
perhaps  bo  compared  to  the  somites  of  segmented  animals.  It  is  well 
known  that  a  ciliated  groove  exists  on  the  ventral  side  of  the  oesophagus, 
and  if  this  portion  were  to  become  separated  off  from  the  rest  of  tho 
oesophagus  and  the  mesenterial  filaments  fused,  the  result  would  be  an 
"animal  with  a  stomodaeum  and  proctodeum,  a  closed  mesenteron, 
and  paired  mesoblastic  somites." 

Anatomy  of  Peachia  hastata.* — M.  Faurot  recommends  that  this 
Anthozoon  be  first  rendered  insensible  by  water  charged  with  carbonic 
acid.  He  finds  twelve  mesenterial  folds,  perforated  at  the  level  of  the 
oesophagus ;  two  neighbouring  folds,  instead  of  floating  freely  in  the 
general  cavity,  unite  to  form  a  grooved  organ,  which  has  externally 
the  appearance  of  a  papilliform  lip,  and  ends  in  the  general  cavity  a 
short  distance  from  the  inferior  orifice,  which  Peachia,  like  CeriarUhua, 
possesses.  Eight  muscular  bands  project  on  the  internal  wall ;  these 
are  arranged  by  pairs,  so  that  four  only  of  the  twelve  chambers  are 
provided  with  them.  These  four  chambers  are  placed  asymmetrically, 
two  of  them  being  situated  on  either  side  of  the  grooved  organ,  and 
the  other  two  being  set  opposite,  on  an  axis  perpendicular  to  that 
which  passes  through  the  papilliform  lip  and  the  inferior  orifice. 

Eph3rr8B  of  Cotylorhiza  and  Ehizo8toma.t — C.  Glaus  has  been 
able  to  study  a  swarm  of  Cotylorhiza  in  all  stages  of  the  Ephyra  phase ; 
the  youngest  were  from  1^  to  2  mm.  in  diameter,  with  eight  long 
slender  lobes,  the  cleft  pieces  of  which  wore  rounded  rather  than 
pointed.  They  are  to  bo  distinguished  from  the  ephyrae  of  Aurelia 
or  Chry%aora  by  the  yellow  algal  cells,  which,  when  accumulated  in 

♦  Comptes  Rcndus,  xoyiii  (1884)  pp.  756-7. 
t  Arbeit  Zool.  iDfit  Wien,  y.  (1884)  pp.  175-83. 
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the  radial  canals,  give  rise  to  the  appearance  of  two  streaks  in  each 
of  the  main  lobes,  by  the  numerous  spindle-shaped  crystals  which  are 
found  in  the  terminal  division  of  the  ocular  lobes,  and  by  the  large 
size  of  the  intermediate  radial  vessels.  During  growth  the  umbrellar 
disk  of  the  larva  grows  out  of  proportion  to  the  eight  lobes,  new 
structures  appear  on  the  buccal  part  of  the  oral  tube,  which  seem  to 
be  of  great  importance  in  the  future  rhizostomatous  condition  of  the 
animal.  A  closed  annular  canal  is  developed.  Buccal  tentacles 
appear  in  the  Cannostomous  stage,  and  their  early  development  may 
bo  regarded  as  the  *'  primary  process  superinducing  rbizostomism  " ; 
this  is  then  followed  by  the  peculiar  form  of  the  four  arms  with  their 
extended  distal  margin,  and  those  by  paired  foldings  of  the  brachial 
processes. 

The  chlorophyll-corpuscles  already  mentioned  are  regarded  as 
belonging  to  symbiotic  algaa,  and  the  balls  they  form  are  thought 
to  be  due  to  the  continued  division  of  a  single  cell ;  they  are  present 
in  such  (quantities,  that  one  is  tempted  to  suppose  that  there  is  no 
independent  animal  nourishment,  but  that  the  superfluous  assimilation- 
products  of  the  algSB  are  sufficient  to  support  the  medusad.  After 
long  search,  Claus  has  found  Bhizostomata  in  an  Ephyra-stage,  but 
he  is  anxious  for  smaller  and  younger  specimens  than  those  which 
measure  8^  mm. 

For  if  era. 

Calcisponges  of  the  'Challenger*  Expedition.*— This,  the  first 
report  on  the  '  Challenger '  representatives  of  any  group  of  sponges,  is 
from  the  pen  of  a  Bussian  naturalist,  Dr.  N.  Polejaeff.  The  Calcarea 
were  considered  by  Hackel  as  essentially  littoral  forms,  and  the  fact 
that  two  species  were  found  by  the  '  Challenger '  at  a  greater  depth 
than  100  fathoms  (viz.  450  fathoms,  off  the  Azores),  scarcely  invali- 
dates this  conclusion,  and  at  the  same  time  accounts  for  the  small 
nnmber  of  species  (30,  of  which  23  are  described  as  new)  obtained  by 
the  expedition. 

A  great  importance  attaches  to  the  report  from  the  fact  that  the 
author,  having  well-preserved  materials  and  considerable  time  at  his 
disposal,  and  a  good  training  in  the  subject,  has  devoted  himself  to 
making  the  first  tiiorough  examination  of  itte  anatomy,  and  of  the  prin- 
ciples of  a  natural  classification,  since  Prof.  Hackel  brought  out  his 
memorable  work,  the  '  Ealkschwamme.'  With  regard  tp  his  prede- 
cessor's results,  he  is  led  to  the  conclusion  that,  although  Hackel's 
^  natural  system  **  may  be  more  natural  than  his  *'  artificial "  one, 
it  is  still  very  far  from  absolute  agreement  with  nature;  a  con- 
viction which  has  been  more  or  less  strongly  felt  by  other  observers. 
He  rejects  Hackers  system  of  defining  the  genera  solely  by  spicular 
characters,  pointing  out  that  they  are  too  variable  for  the  purpose. 
Considerable  alteration  is  found  necessary  in  Hackers  account  of 
the  canal  system.  Thus,  the  assertion  that  inter-canals  (the  incurrent 
canals  leading  from  the  pores)  of  the  Sycones  are  wanting  in  a  large 


*  I 
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proportion  of  these  forms,  is  shown  not  to  hold  for  a  number  of 
these  very  species,  and  hence  is  probably  untrue  of  all.  Again,  the 
"  dendroid,**  "  retiform,*'  and  "  vesicular  *'  modifications  of  the  canal- 
system  described  by  Hackel  in  various  Leuconea  are  in  reality  not 
present  there.  PolSjaeff  agrees  with  Yosmaer  in  regarding  the  radial 
tube  of  the  Sycones  as  simply  a  form  of  flagellated  chamber,  and  not, 
like  Hackel,  a  "person**  equivalent  to  an  individual  Ascon;  the 
0lynthu8  is  simply  a  common  form,  out  of  which  may  be  developed, 
by  different  processes,  either  a  Sycon  or  an  AacoUy  the  mesoderm  in 
the  former  being  more  developed  than  in  the  latter,  and  thus  giving 
capacity  for  a  more  differentiated  canal-system.  From  their  minute 
characters,  in  combination  with  Yon  Lendenfeld*s  observations  on 
AplynnidcBj  he  is  led  to  ascribe  the  function  of  receiving  food  to  both 
the  ecto-  and  entodermal  pavement-cells  of  the  canals. 

The  mutual  relations  of  Leucones  and  Syconea  are  elucidated  by 
the  discovery  of  a  Sycon  (Amphoriscus  eiongalus)  in  which  the  radial 
tubes,  instead  of  opening  directly  and  singly  into  the  cloaca,  debouch 
by  groups  of  three,  four,  or  more,  into  secondary  chambers  which  in 
turn  open  into  the  common  cloaca ;  the  secondary  chamber  has  only 
to  be  exaggerated  to  form  the  excretory  canal  which  leads  from  the 
flagellated  chambers  of  a  Leucon;  the  skeleton  of  the  radial  tube 
of  this  and  other  primitive  Sycones  is  non-articulated,  i.  e.  does  not 
form  a  succession  of  septa  in  the  parenchyma  surrounding  the  tube, 
and  thus  affords  another  point  of  connection  with  the  similarly  circum- 
stanced Leucones, 

The  canal  system,  as  thus  elucidated,  is  taken  as  the  basis  of  the 
modified  classification,  which  runs  thus  : — 

Glass  Calcabea.     Order  1.  Homocoela,       Family  1.  Aseonxdm. 

„     2.  Heterocwla.  „      2.  Syconidcs. 

„      8.  LeuconidcB, 
„      4.  TeichoftidcB, 

(The  last  family  is  Carter's,  whose  reasons  for  establishing  it  are 
adopted.)  The  genera  of  the  class  are  entirely  reconsidered  on  the 
basis  of  allowing  to  all  the  elements  of  the  organization  a  share  in  the 
systematic  distinction,  and  the  law  of  priority  in  the  nomenclature,  set 
aside  by  Hackel,  is  reasserted.     The  genera,  as  revised,  are — 

Fam.  AsconidcB :  Leucosotenta^  provisionally  adopted  as  the  only 
genus. 

Fam.  SyconidcB :  Sycon^  GrantiOy  UUy  Heteropegma  n.  gen.,  Ampho* 
riscuSy  AnamiociUa  n.  gen.  The  chief  distinctions  employed  are  the 
articulation  or  non-articulation  of  the  tubar  skeleton,  the  mutual 
independence  or  not  of  the  tubes,  and  the  form  of  the  spicules.  Hetero^ 
pegma  differs  from  Grantta  in  having  a  cortex  composed  of  spicules  of 
a  different  size  from  those  of  the  parenchyma.  Anamixilla  has  no 
special  tubar  skeleton. 

Fam.  LeuconidcB  :  Leucilla,  Leuconiay  Leuceita,  Pericharax  n.  gen. 
They  are  based  on  the  form  of  the  ciliated  chambers,  the  arrangement 
of  the  spicules,  the  presence  or  absence  of  a  cortex,  or  (^Pericharax) 
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on  the  presence  of  subdermal  cavities,  such  as  are  found  in  siliceous 
sponges. 

Fam.  Teichanidce :  Tetchonella  Carter,  and  Eilhardia  n.  gen.,  the 
latter  distinguiebed  by  a  cup-like  form,  tbe  oscular  and  pore-surfaces 
respectively  bearing  spicules  of  a  dififerent  character. 

The  general  histology  is  not  overlooked.  In  two  species  the 
mesoderm  was  found  to  contain  some  large  flattened  cells  whose 
protoplasm  forms  a  network  upon  large  spicules,  and  perhaps  contri- 
butes to  their  formation.  Ova  were  found  abundantly  only  in  two 
species.  The  author's  former  observations  on  the  spermospores  of 
Calcarea  are  confirmed ;  they  are  undoubtedly  of  mesoidermic  origin. 

Australian  Monactinellida.* — B.  v.  Lendenfeld  has  chosen  a 
rich  and  comparatively  un worked  field  for  systematic  work  among  the 
sponges,  viz.  Australia  and  New  Zealand,  from  which  he  claims  to 
have  specimens  of  about  500  species  at  his  command.  He  gives  a  pre- 
liminary account  of  his  classification,  with  genealogical  and  structural 
considerations  suggested  by  the  study  of  this  large  collection,  but 
appears,  unfortunately,  not  to  have  attached  sufficient  importance  to  the 
work  of  previous  labourers  in  this  field,  for  although  he  refers  frequently 
to  the  work  of  Schmidt  and  F.  E.  Schulze,  whose  generalizations  are 
based  almost  exclusively  on  the  Mediterranean  and  Atlantic  faunas, 
we  find  no  allusion  (as  such)  to  Mr.  Carter's  very  full  and  carefully 
constructed  system,  which  embodies  the  results  of  the  examination 
of,  inter  alia,  very  large  Australian  collections,  such  as  his  eminent 
German  colleagues  have  probably  never  had  access  to.  Yon  Lendenfeld 
derives  the  Monactinellida  from  the  Horny  sponges ;  the  two  funda- 
mental families  of  his  system  are  obtained  by  the  subdivision  of  the 
older  family  CJialinidce,  viz.  into  (1)  ChalarchidoBj  characterized  by  a 
homy  network  with  scanty  and  very  slender  biradiate  (acerate)  axial 
spicules.  (2)  ChalcoenidcB,  by  a  homy  network  with  dense  masses  of 
large  biradiates.  From  (2)  he  derives,  on  one  side,  (3)  Benieridce, 
containing  biradiate  spicules,  but  devoid  of  perceptible  homy  sub- 
stance, and  on  the  other,  (4)  EchispidcB,  distinguished  by  spined  spicules 
projecting  from  the  homy  fibre  from  between  them  (co-extensive  with 
jSctyonida  Carter).  (5)  ChlathridcSy  with  horny  network,  containing 
acuate  spicules  (almost  co-extensive  with  Axinellida  Carter).  From  (6) 
is  derived,  (6)  SuheritidcBf  with  uni-radiates,  and  without  homy  sub- 
stance. 

He  denies  to  the  flesh-spicules  any  share  in  the  demarcation  of 
the  large  groups,  but  reserves  them  for  generic  distinctions;  hence 
Schmidt's  and  Vosmaer's  family  Desmacidinidce  does  not  appear. 
These  spicules  he  regards  as  of  common  origin,  but  as  quite  distinct 
from  the  skeletal  spicules.  He  has,  however,  been  induced  to  lay  less 
weight  on  them  from  having  foimd  them  in  sponges  otherwise  very 
distinct  from  each  other — a  fact  probably  due  (as  his  discovery  of 
them  in  a  Hircinia  shows)  to  their  occurrence  as  foreign  bodies  in 
some  of  the  sponges  in  question. 

The  skeleton  spicules  commence  with  a  biradiate  form,  and  pro- 
ceed by  reduction  of  a  ray  to  the  formation  of  (i.)  acuates,  and  (ii.) 

•  Zool.  Anzeig.,  vii.  (1884)  pp.  201-6. 
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Bpinalates  and  spined  acnatos.  The  MyxospongicB  are  regarded  as 
the  ancestors  of  allies  of  the  Spongiidce  (s.  str.),  which  have  given 
rise  to  the  Aplysinidce  and  HirciniidcB,  Throughout  the  Monactinellid 
series  there  is  a  tendency  to  form  flesh-spicules,  which  are  divisible 
into  (1)  Monactinellid,  e.g.  anchorates,  &c.,  and  (2)  PolyaciineUid,  as 
stellates.  They  remain  insignificant  when  a  fibrous  skeleton  was 
already  in  existence,  but  where  this  is  wanting  they  assume  its 
functions  and  form  continuous  skeletons. 

The  boldness  of  attempting  to  construct  a  fresh  classification  of 
sponges,  and  to  describe  500  Australasian  species  when  separated 
by  some  thousands  of  miles  from  the  only  sound  basis  for  systematic 
work  in  this  group — viz.  collections  of  authentic  types  of  previous 
writers — seems  scarcely  justified  by  this  sample  of  the  results, 
and  must,  it  is  to  be  feared,  lead  to  the  further  complication  rather 
than  the  elucidation  of  this  difficult  subject. 

Japanese  LithistidsB.^ — L.  Ddderlein  describes  some  new  Lithistid 
sponges  from  Enoshima : — Seliacothon  chonelleideSy  Discodermia 
japonica,  Z>.  calyx,  and  Z>.  vermicularis.  In  the  description  of  these 
latter  he  has  avoided  the  use  of  the  expressions  individual  and 
colony,  but  it  has  been  difficult  not  to  use  them,  for  while  Z>.  japonica 
has  in  its  simplest  condition  the  form  of  an  individual,  it  may  by 
budding  give  rise  to  other  individuals,  and  to  the  whole  mass  the 
word  colony  might  be  properly  applied.  D.  calyx  has  not  a  single 
large  osculum,  but  a  number  of  smaller  ones,  so  that  here  the  limits 
of  individuality  are  at  once  passed,  and  2>.  vermicularis  has  the  oscula 
appearing  quite  independently  of  the  division,  so  that  the  buds  that 
are  formed  have  no  individuality.  This  last,  indeed,  is  neither  a 
simple  sponge  nor  a  sponge-colony,  but  rather  a  branched  sponge. 

After  an  account  of  the  siliceous  spicules  and  of  the  sarcode,  the 
author  refers  to  the  difficulty  raised  by  the  fact  that,  while  some  of 
his  sponges  contained  very  few  embryonic  corpuscles,  others  had  a 
groat  many ;  this  is  to  be  explained  by  the  periods  of  vegetation,  to 
which  these  sponges  are  subject,  and  from  which  is  due  the  maximal 
and  minimal  conditions  of  their  growth;  they  do  not  live  in  such 
deep  water  as  to  be  free  from  the  influence  of  the  surrounding  medium. 

After  briefly  noting  the  characters  of  the  now  twelve  known  species 
of  this  genus,  and  discussing  various  points  in  their  physiology,  the 
author  passes  to  the  affinities  of  the  LithistidsB,  of  which  he  gives  the 
accompanying  phylogenetic  table. 

Megamorina  Ammocladina 


Rhizomorina 


Tetracladina  Oeodinidad 


StellettidsB. 
*  Zoitschr.  f.  Wias.  Zool.,  zl.  (1884)  pp.  6^-l(^  (3  pis.). 
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The  author  recommcndB  the  study  of  tho  form  and  dovelopmcut  of 
tho  ombryoiiic  parts  of  the  skeleton  as  affording  the  best  criterion  of 
the  correctness  or  want  of  correctness  of  the  alliances  here  suggested. 

Fossil  Sponges  in  the  British  Museum.* — This  fine  work  from 
the  pen  of  Dr.  G.  J.  Hinde,  a  pupil  of  Prof.  Zittel,  the  great  leader  in 
the  modern  dovelopmcut  of  the  palsBontology  of  sponges,  is  a  fitting 
tribute  to  the  excellence  of  the  principles  of  classification  which 
have  been  laid  down  by  tho  distinguished  professor.  Its  classification 
is  based  essentially  on  the  principle  of  the  employment  of  the 
minute  structure  of  the  skeleton  for  its  fundamental  distinctions. 
While  the  adoption  (in  the  Introduction)  of  the  older,  Hackclian, 
grouping  of  the  tissues  of  living  sponges  into  syncytium  (ectoderm 
and  mesoderm  of  Schulze)  and  ciliated  cells  (entoderm  of  Schulze)  is 
not  a  happy  feature,  yet,  on  his  own  ground,  Dr.  Hinde  does  good 
service  in  his  careful  account  of  the  mineralogical  characters  of  fossil 
sponges.  He  upholds  the  ready  replacement  of  organic  silica  by  calcite. 
Diagnoses  are  given  of  the  British  species  and  the  new  foreign  ones  ; 
references  are  given  in  the  case  of  the  remaining  described  species 
from  foreign  horizons ;  the  rich  collections  of  William  Smith, 
Toulmin  Smith,  Man  tell,  and  Bowerbank  render  the  British  part  of 
the  collection  particularly  interesting,  and  the  work  may  be  regarded 
as  a  manual  of  British  fossil  spongology. 

The  new  genera  are  27  in  number ;  of  these,  Climacotpongia^ 
Lasiocladia,  and  Acanthorhaphia  are  siliceous  Monactuiellids ;  the  first 
strongly  resembles  Beniera  in  the  recent  series.  Acanthorhaphis  is 
perhaps  related  to  the  recent  Metschnikowia  of  the  Caspian  Sea.  The 
Lithistidae,  as  might  have  been  anticipated,  contribute  largely  to  the 
long  list  of  new  types,  viz.  10  genera.  Of  these,  the  Megamorina  are 
represented  by  PlaconeUa,  Hdodictyon^  Pachypoterion^  NemcUinionj 
chiefly  distinguished  by  general  form  or  by  points  in  the  arrangement 
of  the  internal  '*  canals."  To  the  Tetracladine  group  of  Lithistids 
Dr.  Hinde  adds  no  less  than  six  new  types,  viz.  Bolospongiay  Kalpinella^ 
Thamnospongia^  Pholidocladiay  Phymaplectia^  Bhopalospongia  ;  in  the 
last  alone  does  any  considerable  divergence  from  the  normal  character 
of  TetracladinsB  appear  in  the  spiculation,  viz.  a  part  of  it  inclines 
towards  the  Bhizomorine  type.  It  is  noteworthy  as  illustrating  the 
advance  made  by  the  new  system  of  classification,  that  a  close 
resemblance  is  to  be  traced  between  the  external  form  of  some  of 
these  genera  and  that  of  genera  belonging  to  quite  different  groups. 

Considering  its  wider  range  in  time  and  its  greater  comprehensive- 
ness, the  order  Hexactinellida  is  not  so  richly  represented  by  new 
types  in  this  collection  as  the  LithistidsB.  Among  the  forms  with  a 
continuous  skeleton  (Dictyonina),  the  EuretidaB  contribute  two  such 
types,  viz.  Sirephinia,  which  forms  irregular  or  cup- shaped  expan- 
sions— a  habit  unusual  in  tho  recent  members  of  this  family,  and 
Sestrodiciyon,   VentriculitidaB  are  represented  by  a  new  form,  Sestro- 

*  'Catalogue  of  the  Fossil  Sponges,  in  the  Geological  Department,  &c., 
with  deBcriptions  of  new  and  little  known  species.*  4to,  London,  1883,  2^  pp. 
(38  pis.). 
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cladia,  which  is  remarkable  for  its  dendroid  growth ;  the  branches 
are  hollow.  Of  the  StaurodcrmidsB  of  the  collection  the  new  forms 
are  Placotrema  (allied  to  Porospongia),  Cnididerma  (distinguished  by 
having  the  level  dermal  surface  divided  up  regularly  into  squares  by 
the  arrangement  of  its  spicules^  and  Pleetoderma,  differing  slightly 
from  Dictyophytorij  but  of  whicn  the  form  is  unknown.  The  Callo- 
dictyonidas  have  Porochonia^  based  on  an  old  species  of  Ventriculites 
provided  with  a  delicate  surface-tissue  besides  the  usual  dermal  layer, 
and  SderoJcalia,  a  nest-shaped  sponge,  with  vertical  rows  of  apertures 
on  the  inner  surface,  and  shallow  caiials  leading  from  them.  No  new 
Lyssacine  Hexactinellid  genera  are  described. 

The  Calcarea,  as  defined  by  Dr.  Hinde,  are  very  numerous,  owing  to 
the  inclusion  by  him  of  the  Pharetronea  (distinguished  by  the  possession 
of  a  fibrous  skeleton)  in  the  group,  in  which  course  he  follows  Zittel 
and  the  more  recent  views  of  Steinmann  and  Dunikowski ;  this  step  is 
in  partial  opposition  to  Carter  and  Sollas,  who  regard  some,  at  any 
rate,  of  its  members  as  siliceous.  Unlike  Dunikowski,  who  places  them 
under  the  LcuconidaB,  he  regards  them  as  constituting  a  distinct 
family ;  he  relies  largely  on  the  character  of  the  fibre  and  the  methods 
of  arrangement  of  the  spicules  in  it,  for  his  definition  of  genera. 
Few  species  are  described  as  new.  The  new  genus  Tremacysiia  unites 
a  number  of  already  known  species,  distinguished  by  a  motameric  seg- 
mentation of  the  sponge.  Inoholia  is  distinguished  by  its  form  and  the 
absence  of  canals.  Trachysinia  has  a  cylindrical  form  and  may  be  com- 
pound ;  it  is  based  on  three  new  Jurassic  species.  Diaplectia  has  the 
growth  of  Phareirospongia,  but  contains  tri-  and  quadriradiate  spicules. 
Baphidonema  has  elongate  triradiate  spicules  like  those  of  Chrynella, 
Among  the  Calcarea,  but  as  incertce  aedia,  is  introduced  Bacironella 
n.  g.,  from  the  Upper  Jura ;  it  resembles  the  recent  Leuconidse,  but  the 
spicules  are  spinous.    No  Homy  sponges  find  mention. 

Tables  and  lists  are  given  showing  the  known  distribution  in  time 
of  all  the  species,  from  which  it  appears  that  the  Cretaceous  beds 
contribute  to  the  collection  by  far  the  greatest  number,  viz.  the  large 
total  of  250  species,  of  which  103  are  LithistidsB,  85  Hexactinellida, 
and  46  Calcarea  (including  Pharetronea) ;  the  total  number  of  species 
enumerated  is  399.     A  bibliography  is  given. 

Vo8niaer*8  Manual  of  the  Sponges.^— G.  C.  J.  Yosmaer  com- 
pletes the  review  of  the  literature  of  sponges  commenced  in  the  first 
instalment  of  this  work.t  He  devotes  seven  pages  to  an  account  (A) 
of  the  best  methods  of  investigation,  under  the  heads  (1)  Inveatiga^ 
tion  of  the  aoft  parts. — Killing  and  preserving,  staining,  preparation 
and  preservation  of  sections,  decalcification  and  desilicification.  (2) 
Investigation  of  the  aJceleton. — Skeleton  of  the  Calcareous  Sponges,  of 
the  true  Horny  Sponges,  of  the  Siliceous  Sponges.  (B)  Preservation  for 
collections.  (C)  Bearing  larvae  under  the  Microscope.  For  hardening, 
absolute  alconol,  picro-chloric  and  osmic  acids,  and  corrosive  sublimate ; 

*  *Dr.  H.  G.  Bronn*3  Klassen  und  Orduungon  des  Thicrreichs.     Band  ix. 
Porifera/    Lief.  3-5, 1884,  pp.  65-144  (10  pl8.>.    See  this  Journal,  ii.  (1882)  p.  797. 
t  Boe  this  Journal,  i.  (1881)  p.  611. 
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for  staining,  hsBmatoxylin,  picrocarmino,  iodine,  chloride  of  gold,  and 
nitrate  of  silver  are  respoctively  recommended.  Under  the  heading 
Morp}u)logy  is  given  a  general  sketch  of  the  range  of  shape,  size, 
colour,  consistency,  and  character  of  the  surface  in  the  group.  Under 
Anatomy  is  given  an  account  of  the  dififerent  parts  of  the  canal 
system  of  sponges,  and  their  chief  modifications.  The  four  types 
under  which  the  leading  modifications  of  this  system  are  arranged  by 
the  author  in  a  previous  work  are  adopted  here  also. 

Protozoa. 

Nucleus  and  Nuclear  Division  in  Protozoa.'^— A.  Gruber  passes 
in  review  the  different  groups  of  the  Protozoa ;  commencing  with  the 
Bhizopoda,  he  points  out  that,  though  their  nuclei  differ  considerably, 
they  are  all  referable  to  the  type  of  the  so-called  vesicular  nucleus. 
There  is  a  more  or  less  distinct  nuclear  membrane,  and  a  clear  and 
apparently  homogeneous  nuclear  substance  in  which  are  deposited  one 
or  more  nuclear  corpuscles.  Such  nuclei  are  to  be  found  in  the  lowest 
myxomycetoid  plasmodia,  and  Biitschli  is  probably  right  in  regarding 
this  form  of  nucleus  as  the  primitive  one ;  previous  to  this,  however, 
there  was,  in  all  probability,  a  stage  in  which  small  granules  of 
nuclear  substance  were  scattered  through  the  whole  of  the  protoplasm, 
and  these  were  only  later  collected  into  a  proper  nucleus.  As  a  fact, 
there  are  organisms  which  exhibit  such  characters ;  as,  for  example, 
some  of  the  forms  described  by  Maupas,  the  very  low  TrtchospTuBrium 
8id)oldi  (Pachymyxa  hysirix),  and,  probably,  the  Pleurophrys  gennensis 
discovered  by  the  author.  In  all  these  we  find  small  spheres 
which  are  strongly  coloured  by  certain  reagents  scattered  through 
the  body.  Moreover,  &s  Brandt  was  the  first  to  show,  Amoeba  proteua 
contains  not  only  a  definite  nucleus,  but  also  small  granules  of  nuclear 
substance. 

Amoeba  veti'ucosa  is  cited  as  an  example  of  a  form  which,  though 
it  seems  to  have  a  very  definite  vesicular  nucleus,  is  found  on  ex- 
amination with  higher  magnifying  powers  (e.g.  Hartnack  Oo.  3, 
Obj.  12  Imm.)  to  have  its  nuclear  corpuscles  made  up  of  smaller 
spherules.  When  stained,  these  bodies  gradually  become  less  dis- 
tinctly visible ;  there  appear  in  the  substance  of  the  nucleus  excessively 
fine  granules,  so  fine  as  to  have  the  appearance  of  a  red  dust ;  these 
would  seem  to  be  true  chromatin  particles,  which  may  become  united 
into  fine  filaments  ;  they  form  lines  arranged  radially  around  the 
nucleolus.  They  are  best  seen  in  specimens  that  have  been  treated 
with  absolute  alcohol  or  picrocarmine.  Although,  therefore,  there  is 
a  nuclear  network  in  Amoeba  verrucosa  it  is  very  incomplete,  and,  as 
observation  has  shown,  takes  no  part  in  the  division  of  the  nucleus. 
Multinucleolar  nuclei  are  derived  from  the  uninucleolar  by  repeated 
division  of  the  nucleolus. 

The  division  of  the  vesicular  nucleus  is  effected  by  constriction  or 
by  cleavage.  In  the  former  case,  the  chromatic  substance  is  first 
diffused  through  the  whole  nucleus ;  in  the  latter  case  the  nucleolus 

*  ZeiUchr.  f.  Wiss.  Zool.,  xl.  (1884)  pp.  121-53  (2  pis.). 
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divides  first,  the  halves  separate  from  one  another,  and  then  the  rest 
of  the  nucleus  is  cut  through. 

Among  the  Bhizopoda  two  other  kinds  of  nuclei  are  also  seen ; 
in  one  of  them  we  distinguish  a  nuclear  memhrane,  and  suhstance, 
within  which  are  scattered,  more  or  less  irregularly,  particles  of 
chromatic  suhstance.  On  division  these  become  arranged  into 
filaments,  which,  at  first  coiled,  become  later  on  arranged  parallel  to 
the  long  axis  of  the  extending  nucleus,  and  so  are  equally  divided  on 
its  constriction.  The  other  form  is  distinguished  by  the  presence  of 
a  cortical  zone,  generally  consisting  of  granules,  which  lies  just 
beneath  the  nuclear  membrane.  Here  there  is  but  little  nuclear 
substance  and  a  large  central  nucleolus.  In  division,  the  nucleolus 
divides  first,  and  the  parts  separate  from  one  another ;  the  cortical 
zone  is  then  divided  cquatorially,  and  finally  the  whole  nucleus  is 
cut  through. 

Lastly,  the  nuclei  of  some  Foraminifcra  are  remarkable  for  being 
distinguishable  into  two  halves,  one  of  which  is  quite  filled  with 
chromatic  substance,  while  the  other  has  one  or  more  nucleoli.  The 
mode  of  their  division  is  as  yet  unknown. 

The  Heliozoa  are  next  taken  up,  and  their  nucleus  found  to 
consist  of  a  nuclear  membrane,  clear  nuclear  substance,  and  a  central 
nucleolus,  or  there  are  several  nucleoli ;  or,  finally,  there  is  a  mem- 
brane, a  cortical  layer,  nuclear  substance,  and  central  nucleolus.  In 
this  last,  division  always  begins ;  when  there  are  several  they  unite 
into  two  plates,  which  separate  from  one  another. 

In  the  large  nuclei  of  the  intermediate  Badiolaria,  wo  find 
(a)  vesicular  forms,  exactly  like  those  of  many  Bhizopoda  and 
Heliozoa,  ()8)  nuclei  with  a  cortical  layer  (as  in  Aciinophry$) ;  (y) 
nuclei  with  a  very  strong  membrane,  dark  and  often  granular  nuclear 
substance,  in  which  radiating  bands  may  sometimes  be  seen ;  and 
(3)  nuclei  with  a  plexiform  arrangement  of  the  chromatic  substance, 
and  nucleoli  imbedded  in  the  meshes  ;  the  fissive  methods  of  none  of 
these  are  satisfactorily  known. 

The  small  nuclei  of  the  multinucleate  Badiolaria  are  either 
amoeboid  and  divide  by  simple  constriction,  or  are  quite  round  or 
oval  when  division  commences  with  the  radiate  arrangement  of  the 
chromatic  substance. 

The  nuclei  of  the  Gregarinida  have  a  vesicular  structure,  and  one 
or  more  nucleoli ;  their  mode  of  division  is  not  known.  The  nuclei 
of  the  spores  are  quite  homogeneous  and  divide  by  constriction. 

The  different  groups  of  the  Infusoria  are  discussed  separately ; 
in  the  true  Flagellata  we  find  vesicular  nuclei,  which  divide  by  tibe 
regular  constriction  of  all  the  parts,  and  the  formation  of  parallel 
longitudinal  lines  in  the  nucleolus.  In  Noctiluca  the  nucleus  forms 
a  granular  mass  in  which  nucleoliform  corpuscles  are  distributed ; 
but  in  Leptodiscus  the  nucleus  is  formed  of  a  larger,  darker,  and 
granular  portion  together  with  a  smaller  and  clearer  part.  Unlike 
Botaliaj  the  hyaline  part  here  contains  the  chromatic  substance.  In 
Noctiluca,  as  observed  by  Bobin,  the  nucleus  elongates,  and  the 
central  part  becomes  longitudinally  striated.    In  the  Cilio-flagellata 
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tho  nucleus  is  formed  on  the  ''  massive "  type ;  that  is  to  say,  tho 
nuclear  membrane  incloses  a  thick  mass  of  nuclear  substance,  which, 
in  all  probability,  contains  the  chromatin  in  the  form  of  small 
granules.  So  far,  the  nucleus  of  the  Cilio-flagellata  resembles  that  of 
the  next  group — tho  Ciliata. 

The  description  of  the  nuclei  of  the  Ciliata  offers  considerable 
difficulties  in  consequence  of  the  numerous  variations  which  are  to  be 
seen  in  the  structure  of  even  closely  allied  species.  The  nuclear 
substance  may  be  so  dissolved  in  the  cell-substance,  and  the  granules 
may  be  so  fine  as  to  be  only  distinguishable  with  the  highest  powers ; 
or  the  constituents  of  the  nucleus  may  be  larger,  and  formed  (as  in 
Oxytricha)  of  spherical  corpuscles  which,  before  division,  unite  into 
a  mass.  This  substance  may  form  bands  and  plexuses,  and  sometimes, 
as  in  Benedenta  and  Pla/fiotoma,  break  up  into  pieces ;  this  leads  to 
the  rosette-like  nuclei  of  Sienior,  or  the  band-like  nuclei  of  Voriicella, 
It  is  rare  for  an  Infusorian  to  have  more  than  one  nucleus,  but  the 
number  of  the  paranuclei  is  by  no  means  so  constant.  The  nucleus 
is  generally  '*  massive  "  and  surrounded  by  a  membrane ;  its  sub- 
stance is  very  rich  in  chromatin-granules,  which  are  very  variously 
arranged  ;  the  paranuclei  are  likewise  massive,  and  apparently  always 
granular.  On  division,  the  chromatin-granules  form  filaments  which 
lie  parallel  to  the  long  axis  of  the  nucleus,  and  become  constricted  in 
the  middle. 

The  nucleus  of  the  Suctoria,  the  last  group  of  all,  is  either 
branched  or  rounded ;  there  is  a  thick  massive  nuclear  substance,  in 
which  chromatin-granules  are  often  very  distinctly  visible.  On  division, 
the  nuclei  break  up  into  filaments  which  undergo  constriction. 

The  author  thus  sums  up  the  results  of  this  important  investi- 
gation : — 

There  are  Protozoa  in  which  the  nuclear  substance  may  be  dis- 
tributed through  the  protoplasm  of  the  cell  in  the  form  of  numerous 
granules ;  and  these  are  often  so  small  that  after  staining  they  only 
appear,  on  examination  under  high  powers,  as  a  precipitate.  In  others 
there  are  nuclear  particles  of  this  kind,  but  they  are  not  only  more 
numerous,  but  are  also  larger,  and,  in  fact,  more  regularly  arranged, 
BO  that  tbey  may  be  better  spoken  of  as  small  nuclei ;  these  lead  us 
to  the  truly  multinucleate  forms.  He  thinks  it  possible  that  in  those 
Protista  which  appear  to  us  to  be  non-nucleate,  the  nuclear  substance 
is  more  or  less  completely  dissolved  in  the  cell-substance ;  and  that 
in  the  history  of  race  development  there  was  not  at  first  a  definite 
and  formed  nucleus,  but  rather  fine  nuclear  granules.  In  any  case, 
the  formation  of  a  true  nucleus  is  intimately  associated  with  the 
process  of  reproduction,  and,  primarily,  with  regular  division. 

A  most  important  piece  of  evidence  is  afforded  by  those  Protozoa 
which,  after  conjugation  and  division,  are  for  a  time  filled  with  small 
nuclear  particles.  It  would  appear  that  there  is  a  regular  distribution 
of  the  chromatin  in  the  daughter-individuals. 

The  nuclei  of  the  Protozoa  belong,  as  a  rule,  to  one  of  two  types  : 
they  are  either  vesicular,  as  in  most  Ehizopods,  Heliozoa,  Sporozoa, 
and  all  true  Flagellata,  as  well  as  in  some  Radiolaria  and  Ciliata,  or 
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massiye  as  in  almost  all  Ciliata  and  Suotoria ;  the  paranuclei,  wbicli 
are  probably  confined  to  the  Ciliata,  are  also  formed  on  this  type.  The 
process  of  nuclear  division  consists  in  the  aggregation  of  the  chromatin 
mass  into  a  form  which  is  capable  of  exact  division  by  equatorial 
constriction.  This  process  is  best  known,  and  is  most  clearly  seen  in 
the  ciliated  Infusoria,  when  the  chromatic  substance  becomes  arranged 
into  filaments  of  equal  length,  which  are  broken  through  in  the 
middle  on  the  division  of  the  nucleus. 

Nuclear  division  in  the  Protozoa  is  a  much  simpler  matter  than  in 
the  Metazoa,  where  the  arrangement  of  the  chromatic  substance  is 
much  more  complicated ;  there  too  the  mechanism  is  quite  different, 
for  there  is  not  a  division  of  the  nucleus  in  toto^  but  a  breaking  up  of 
the  nuclear  substances  followed  by  their  separation.  At  the  same 
time,  Gruber  is  of  opinion  that  among  the  Metazoa  there  are  to  be 
found  nuclei  which  are  formed  on  the  Protozoio  type,  and  in  which 
division  is  effected  in  the  same  mode  as  in  the  Protozoa. 

New  Infusoria.* — C.  S.  Dolley  describes  a  Cilio-flagellate  Infu- 
sorian  in  Baltimore  drinking  water  apparently  constituting  an  inter- 
mediate species  or  variety  between  Pendinium  tdbulatum  and  P.  apicu' 
latum. 

A.  C.  Stokes  describes  |  a  new  Choano-flagellate,  Oodoaiga  flarea^ 
found  on  dead  and  decaying  leaflets  of  MyriophyUum  from  an  aquarium. 

Miss  S.  O.  Foulke  describes  t  a  new  Trachdius  (T.  Leidyt),  the 
second  true  species  of  the  genus,  the  principal  difference  between  it 
and  T.  ovum  being  that  while  the  latter  is  egg-shaped,  the  new  form 
is  globosely  convex  dorsally,  but  flattened  with  a  deep  indentation 
ventrally. 

Stentor  C8Bnileu8.§ — ^*  J.  W."  claims  to  have  discovered  that  *<  the 
blue  Stentor  not  only  takes  small  food-particles  through  the  oral 
aperture  but  that  it  has  the  means  of  projecting  portions  of  its 
protoplasm  to  serve  the  purpose  of  capturing  its  prey,  for  the  rotifers 
and  Paramecia  under  observation  were  slowly  drawn  into  the  body 
still  surrounded  by  a  transparent  envelope  and  were  gradually 
absorbed.  Sometimes  two  or  more  rotifers  were  seen  together  in 
the  same  Stentor  undergoing  absorption.  All  movements  of  the  prey 
ceased  when  caught  by  the  rhizopod-like  extension  of  the  Stentor.** 

ChlorophjU-corpuscles  of  some  Infasoria.||— By  way  of  supple- 
ment to  Prof.  E.  Bay  Lankester's  paper  on  a  form  of  chlorophyll- 
corpuscle  present  in  Spongilla  and  Hydra  viridie,^  Miss  J.  A.  Sallitt 
describes  the  chlorophyll-corpuscles  in  several  green  forms  of  in- 
fusoria. 

In  Paramecium  hursaria  the  corpuscles  are  very  numerous,  and  are 
scattered  through  the  endoplasm  of  the  animal.  They  are  usually 
spherical  and  vary  in  size  from  *  0025  mm.  to  *  006  mm.  in  diameter. 

*  Johns  HopkioB  Univ.  Giro.,  ill.  (1884)  pp.  60-1. 

t  Amer.  Hon.  Micr.  Joam.,  v.  (1884)  pp.  43-5  (1  fig.). 

X  Pxoc.  Acad.  Nat  Sci.  Philad.,  1884,  pp.  51-2. 

§  Amer.  Hon.  Micr.  Joum.,  v.  (1884)  pp.  50-1. 

D  Quart.  Joum.  Micr.  8oi.,  xxiv.  (1884)  pp.  165-70  (2  pUX 

i  See  this  Journal,  ii.  (1882)  pp.  322-4. 
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Each  oonsists  of  two  parts,  1st  a  ball  of  clear  protoplasm ;  2hd  an 
inyesting  cup-like  layer  of  chlorophyll-con taining  protoplasm  (to 
which  the  author  gives  the  name  of  chloroplasm)  of  a  bright  green 
colour.  Subdivision  of  the  corpuscles  into  two,  three,  and  fbur  parts 
was  observed  to  take  place.  In  Stentor  polymorphua,  Vaginicola  grandis^ 
and  Ph<icu9  triqueter,  P.  longicaudis  and  P.  glabra  the  corpuscles 
generally  resemble  those  of  Paramecium.  In  VorticeUa  chlorostigma 
no  corpuscles  are  present,  but  the  chlorophyll  is  apparently  diffused 
through  the  endoplasm.  In  Euglena  viridU  the  corpuscles  are  much 
flattened  and  are  irregular  in  outline,  and  in  many  cases  the  chloro- 
phyll appears  diffused  through  the  endoplasm ;  but  the  author  does 
not  agree  with  Saville-Eent  in  considering  this  to  be  the  normal 
state,  and  the  chlorophyll-bodies  to  be  due  to  its  splitting  up  previous 
to  multiple  division. 

K  the  function  of  the  chlorophyll  in  animals  is  the  same  as  that 
ascribed  to  it  in  plants  by  Prof.  Pringsheim,  the  disposition  of  the 
chlorophyll  in  the  animal  corpuscle  is  better  adapted  to  shelter  the 
central  colourless  protoplasm  than  that  of  the  substance  of  the  cell. 
So  the  greater  saving  of  oxidizable  material  should  take  place  in  the 
corpuscle  itself.  No  trace  of  starch  is  to  be  found  in  the  corpuscles 
or  in  the  endoplasm. 

Life-hiBtory  of  Clathmlina  elerans.*^ — Sara  6.  Foulke  states 
that  the  modes  of  reproduction  of  the  Heliozoan  ClathruliTM  degaru 
are  four  in  number,  by  division,  by  the  instantaneous  throwing-off 
of  a  small  mass  of  sarcode,  by  the  formation  and  liberation  of 
minute  germs,  and  by  the  transformation  of  the  body  into  flagellate 
monads.  The  fourth  mode  is  significant  in  bringing  to  light  a  new 
phase  in  the  life-history  of  the  Heliozoa.  The  Clathrtdina  in  which 
the  phenomena  were  flrst  observed,  withdrew  its  rays,  and  divided 
into  four  parts,  as  in  the  ordinary  method ;  but  the  sarcode,  instead 
of  becoming  granular  and  of  a  rough  surface,  grew  smootiier  and 
more  transparent.  Then  followed  a  period  of  quiescence,  in  this 
case  of  five  or  six  hours'  duration,  although  in  other  instances  lasting 
three  days  and  nights,  after  which  one  of  the  four  parts  began 
slowly  to  emerge  from  the  capsule,  a  second  following  a  few 
moments  later.  While  passing  through  the  capsule,  these  masses 
of  sarcode  seemed  to  be  of  a  thicker  consistence  than  the  similar 
bodies  which,  in  the  ordinary  method,  instantly  assume  the  Aciino^ 
phrys  form.  After  both  had  passed  completely  through  for  nearly 
a  minute  they  lay  quiet,  gradually  elongating  meanwhile.  Then  a 
tremor  became  visible  at  one  end,  and  a  short  prolongation  of  the 
sarcode  appeared  waving  to  and  fro.  This  elongated  at  the  same 
time  into  a  flagellum,  the  vibrations  becoming  more  rapid,  until,  at 
the  same  moment,  both  the  liberated  monads  darted  away  through 
the  water.  They  were  followed  for  about  ten  minutes,  when  both 
were  lost  to  sight  among  a  mass  of  sediment,  and  the  fear  of  mistak- 
ing one  of  the  common  monads  for  them  led  the  observer  to  abandon 
the  search.    Another  monad  was  followed  through  various  movements, 

♦  Proo.  Acad.  Nat.  Sci.  Philad.,  1884,  pp.  17-9. 
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and  finally  seen  to  attach  the  top  of  its  flagellom  to  the  glass,  and 
roTolve  swiftly  for  a  few  moments,  when  instantly  the  whole  body 
became  spherical,  rays  were  shot  out,  and  the  transformed  monad  was 
in  no  point,  except  that  of  size,  to  be  distinguished  from  its  Actino* 
phrys'like  consin.  The  whole  development,  from  the  time  when  the 
monad  began  its  free  life,  occupied  two  hours  and  some  seconds. 

This  mode  of  reproduction  secures  a  more  widespread  distribution 
of  the  young  than  would  be  possible  did  they  depend  on  the  sluggish 
Actinophrya  form.  It  seems  reasonable  to  suppose  that  this  is  a  wise 
proyision  for  the  perpetuation  of  the  species  should  adverse  coodi- 
tions  of  life  arise  and  also  to  prevent  an  undue  accumulation  of  the 
animals  within  a  circumscribed  space. 

Aberrant  Sporosoon.* — J.  Eunstler  describes  an  aberrant  sporo- 
zoon  [for  which  he  suggests  no  name.  It  is  a  kind  of  monocystid 
Gregarine,  found  in  the  body-cavity  of  Periplaneta  americana.  It  is 
at  first  placed  to  the  exterior  of  the  epithelial  cells  of  the  mid- 
intestine,  in  front  of  the  insertion  of  the  Malpighian  tubules.  It 
grows  in  the  cell,  crosses  the  muscular  tissues,  and  drives  before  it 
the  peritoneal  investment;  the  sac  thus  formed  becomes  stalked. 
The  Qregarine,  after  further  growth,  breaks  through  the  peduncle  and 
escapes  into  the  body-cavity.  At  first  it  consisted  merely  of  a  single 
cell  with  a  central  nucleus ;  later  on  it  consisted  of  two  similar  bodies, 
BO  that  it  appeared  like  a  pair  of  conjugated  monocystids ;  here,  how- 
ever, there  has  been  no  conjugation,  for  the  nucleus  was  often  seen  to 
be  elongated  and  more  or  less  constricted  in  its  middle,  as  if  it  were 
about  to  divide.  Sometimes  there  are  three  lobes.  The  adult  exhi- 
bits no  movement  of  translation,  and  only  feeble  contractions  result 
from  the  application  of  acids.  The  adult  has,  when  encysted,  two 
envelopes ;  before  encystation  it  becomes  transparent,  whereas  all 
other  forms  are  opaque. 

VoctUuoidfiB.t — F.  Ritter  v.  Stein  in  Pt  III.  of  his  *  Infusions- 
thiere,'  gives  some  new  interesting  fiacts  respecting  Noctiltica  miliarii 
and  other  allied  forms.  This  Infusorian  is  unusually  large,  some- 
times having  a  diameter  of  1  mm. ;  although  spherical  in  shape  a  dorsal 
and  ventral  surface  may  be  recognized,  as  D5nitz  first  pointed  out,  by 
the  presence  of  a  rod-like  structure  (atahplatle)  which  lies  in  the 
outer  membrane ;  this  body  has  a  shovel-like  flattened  anterior  end 
and  lies  on  the  ventral  side  of  the  mouth.  The  tentacle  is  supported 
by  two  skeletal  pieces,  and  is  not  apparently  a  sensory  organ  as  has 
been  thought,  but  assists  in  bringing  food  to  the  mouth.  The  pro- 
toplasm of  the  body  is  not  uniformly  distributed  but  lies  in  a  mass 
between  the  mouth  and  the  stahplatte  sending  out  branched  proto- 
plasmic filaments  which  are  attached  to  the  outer  membrane.  Closely 
allied  to  Noctiluca  is  the  genus  Ptychodiscm  which  has,  however,  a 
simpler  organization.  The  body  is  inclosed  by  two  thick-walled  shells 
of  parchment-like  consistency  united  along  their  margin  by  a  more 
delicate  membrane ;  the  dorsal  shell  is  distinguished  from  the  ventral 

•  Comptfis  Rendus,  xcviii.  (1884)  pp.  633^4. 

t  *  Organismas  der  iDfusioosthiere/  Abth.  iii.  Halfte  ii. 
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by  a  more  or  less  sickle-shaped  body  corresponding  to  the  stab^ 
plcUle  of  Nodiluca ;  the  ventral  shell  has  an  anterior  notch  in  which 
lies  the  month-slit ;  the  protoplasmic  contents  entirely  fill  up  the 
space  between  the  two  shells ;  there  is  no  trace  of  a  tentacle  present. 

Another  Infusorian,  Pyrophaais  horologium^  belongs  to  the  same 
fEunily,  and  like  Ptychodisctis  was  found  by  Stein  in  the  stomach  of 
Salpa  ;  the  body  is  inclosed  in  a  shell  which  has  the  appearance  of 
being  made  np  of  a  number  of  pieces  united  in  a  mosaic  fashion  ;  in 
the  same  way  the  shell  is  made  ap  of  a  dorsal  and  ventral  half  united 
by  membrane ;  the  former  is  distinguished  by  the  presence  of  a 
8iabplatte  ;  in  addition  to  a  mouth-opening  there  is  another  opening 
which  is  analogous  to  an  anus. 

Noctiluca  miliariSf  as  is  well  known,  has  a  great  share  in  producing 
phosphorescence  of  the  sea  on  our  own  coast  and  elsewhere ;  but  in 
the  neighbourhood  of  Kiel  this  Infusorian  is  not  to  be  found  and  the 
phosphorescence  there  is  chiefly  due  to  Ceratium  and  ProrocerUrum 
micans. 


BOTANY. 

A.    GENERAL,  including  Embryology  and  Histology  of  the 

Phanerogamia, 

Continuity  of  Protoplasm** — E.  Russow  declares  his  belief  that 
in  all  plants  during  their  entire  life  the  whole  of  the  protoplasm  is 
continuous.  He  bases  this  conclusion  on  a  series  of  observations 
carried  out  on  a  plan  slightly  modified  from  that  of  Hillhouse.  Fresh 
sections  of  the  plant  to  be  examined  are  laid  in  a  solution  of  0*2  p.c. 
iodine  and  1  *  64  p.c.  potassium  iodide,  to  which  is  added  a  mixture  of 
8/4  sulphuric  acid,  and  a  small  quantity  of  the  same  acid  more  concen- 
trated. The  sections  are  then  repeatedly  washed  and  stained  by 
anilin-blue ;  before  staining  they  are  sometimes  laid  in  picric  acid. 

Tangential  sections  of  the  cortex  of  many  plants  treated  in  this 
way  showed  very  clearly  the  strings  of  protoplasm  connecting  adjoining 
cells.  The  periphery  of  the  cell-contents  is  wavy  on  the  longitudinal 
sides,  more  or  less  uneven  on  the  transverse  sides.  The  concavities, 
which  are  usually  rounded,  correspond  to  the  pits ;  and  between  the 
corresponding  prolongations  of  two  adjacent  cells  are  seen  from  three 
to  five  moniliform  threads  of  protoplasm,  usually  strongly  curved. 
In  each  thread  are  several  granules,  usually  at  regular  distances. 
These  threads  are  met  with  also  between  the  parenchymatous  cells  of 
the  bast,  and  between  these  and  the  cells  of  the  medullary  rays ;  in 
the  latter  case  they  are  extremely  delicate.  The  threads  are  seen 
especially  well  in  BhamnuSy  FraxinuSy  Humfilus^  and  Gentiana  crudaia ; 
also  in  the  cortex  of  numerous  other  woody  plants,  as  Prunus^ 
QuercuSy  Popuhsy  AlnuSy  .^Jsctdua,  &c.,  and  in  some  herbaceous  or 
climbing  plants,  such  as  Lunaria  redivivay  Lappa,  CucurbUa,  &o. 

*  SB.  Dorpat  Naturf.  Geeell.,  1883.    See  Bot.  Centralbl.,  xvii.  (1884)  p.  237, 
Of.  this  Journal,  ui.  (1883)  pp.  225,  524,  677,  ante,  p.  76. 
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It  is  noteworthy  that,  in  all  the  plants  examined,  the  conducting 
cells  do  not  appear  to  be  in  connection,  by  means  of  protoplasmic 
threads,  either  with  one  another  or  with  adjacent  cells,  sach  as  the 
sieve-tubes  and  bast-parenchyma;  bnt  the  anthor  believes  that  the 
pits  are  perforated  by  very  fine  threads,  which  are  invisible  in  con- 
sequence of  being  composed  of  a  homogeneous  transparent  albumen. 

Russow  maintains  that  the  perforations  in  the  pits  of  cell-walla 
are  cotemporaneous  with  the  formation  of  the  cell-walL  During  the 
last  stages  of  the  division  of  the  nucleus,  in  which  the  protoplasmic 
threads  are  stretched  between  the  daughter-nuclei,  already  at  a  dis- 
tance from  one  another,  the  cell-wall  has  the  form  of  a  perforated 
plate,  the  threads  remaining  unbroken,  and  forming  a  connection 
between  the  daughter-cells.  He  finds  that  in  some  cases  the 
radial  walls  of  the  cambium-cells  have  a  single  row  of  primor- 
dial pits ;  before  each  division  these  about  double  in  diameter ;  the 
fine  perforations  of  the  closing  membranes  also  increase ;  the  con- 
necting threads  of  protoplasm  probably  split  lengthwise,  and  cellulose 
is  formed  between  them.  The  perforations  between  the  tangential 
and  transverse  walls  are  formed  in  the  same  way,  as  also  the 
sieve-like  perforations  in  the  transverse  and  longitudinal  walls  of 
sieve-tubes. 

The  author  finds  also  a  mucilaginous  protoplasmic  substance 
in  the  intercellular  spaces  of  young  cortex,  which  is  strongly  deve- 
loped in  the  motile  organ  of  Mimosa ;  and  here  again  a  conmiunica- 
tion  is  effected  by  means  of  threads  between  this  protoplasm  and 
that  of  the  cells. 

Gontinoityof  Protoplasm.* — Since  his  previous  experiments  on 
this  subject,  W.  Gkirdiner  has  been  chiefly  employed  in  testing  and 
improving  his  methods,  and  in  adding  to  the  number  of  plants  in 
which  he  has  been  able  to  demonstrate  the  existence  of  a  continuity 
of  the  protoplasm  between  adjacent  cells. 

In  certain  endosperm  cells,  e.g.  Bentinekia  Canda-jpanna^  where  the 
protoplasmic  threads  traversing  the  cell-walls  are  particularly  well 
developed,  it  is  possible  to  see  the  threads  perfectly  clearly  by  merely  cut- 
ting sections  of  the  endosperm  and  mounting  them  in  dilute  glycerine* 

The  method  of  swelling  with  chlor-zinc-iod  and  staining  with 
picric-Hoffmaun-blue  is  in  every  way  perfectly  satisfactory,  since  but 
little  alteration  of  the  structure  occurs,  and  the  staining  with  the 
blue  is  limited  to  the  protoplasm.  The  sulphuric  acid  method  is 
in  the  main  unsatisfactory,  although  it  is  valuable  in  the  case  of 
thin-walled  tissue,  where  violent  swelling  must  be  resorted  to ;  and 
it  is  also  valuable  as  affording  most  conclusive  evidence  of  a  pro- 
toplasmic continuity  in  those  cases  where  the  protoplasmic  processes 
of  pits  cling  to  the  pit-closing  membrane.  The  author  belieyes, 
however,  that  the  results  obtained  can  only  be  rightly  interpreted 
in  the  light  of  the  results  obtained  with  chlor-zinc-iod.  The 
possibility  of  seeing  the  threads  depends  on  their  degree  of  tenuity, 

•  Proc  Royal  Soc,  xxxvi.  (1884)  pp.  182-3;  also,  Arbeit  Bot.  Inst  Wurx- 
burg,  iii.  (1884)  pp.  52-«7  (EngUsh).  Of.  this  Journal,  iii.  (1888)  pp.  225  and  677. 
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And  on  the  thickness  of  the  pit-closing  membrane;  and  in  nianj 
cases  the  only  evidence  of  sach  perforating  threads  is  afforded  by  the 
general  staining  of  the  membrane.  Every  transition  occurs  between 
clearly  defined  threads  in  the  substance  of  the  closing  membrane,  and 
the  mere  staining  of  that  structure  as  a  whole. 

The  author  has  found  in  all  pitted  tissues  a  pit-closing  mem- 
brane which  is  made  evident  by  staining  thin  sections  with  iodine 
and  mounting  in  chlor-zinc-iod,  and  has  never  seen  open  pits.  The 
continuity  of  the  protoplasm  is  always  established  by  means  of  fine 
threads  arranged  in  a  sievc-stmcture,  and  not  by  means  of  compa- 
ratively large  processes  which  the  occurrence  of  open  pits  would 
necessitate. 

A  continuity  of  the  protoplasm  between  adjacent  cells  oocnrs  in 
DioncML  muscipulay  and  is  especially  pronounced  in  the  most  central 
layers  of  parenchymatous  colls.  The  parenchyma-cells  of  the  petioles 
of  certain  plants,  which  are  often  thick-walled  and  conspicuously 
pitted,  afford  favourable  material  for  investigation.  In  Aueuba  japonica 
and  Prunus  lauro^erasua  distinct  threads  can  be  made  out  crossing  the 
pit-closing  membrane.  In  Ilex  Aquifoltum  there  is  a  doubtful  striation, 
and  in  others  examined  a  mere  coloration  of  the  pit-membrane. 

The  author  believes  the  connection  of  cells  with  one  another  to  be 
a  universal  phenomenon,  and  the  functions  of  the  filaments  to  be  as 
follows : — In  sieve-tubes  and  in  endosperm-cells  they  make  possible 
a  transference  of  solid  materials  ;  but  in  ordinary  cells  their  only  pur- 
pose is  to  establish  a  conmiunication  of  impulses  from  one  part  of 
the  plant  to  another. 

By  means  of  the  methods  described  Mr.  Gardiner  has  examined 
the  seeds  of  about  50  species  of  palms,  as  well  as  those  of  repre- 
sentatives of  the  orders  LeguminossB,  Hubiacesd,  MyrsinesB,  Loga- 
niacesB,  Hydrophyllaceie,  Iridaceee,  Amaryllidacee,  DioscoresB,  Melan- 
thaceaB,  Liliaceie,  Smilaceee,  and  PhytelephasiesB,  in  all  of  which  he 
found  that  the  cells  of  the  endosperm  are  placed  in  communication 
with  one  another  by  means  of  delicate  threads  traversing  their  walls. 

Living  and  Dead  Protoplasm.* — O.  Loew  makes  a  final  defence 
of  his  views  as  to  the  essential  difference  between  living  and  dead 
protoplasm,  and  the  aldehydic  nature  of  the  former.  The  facts  relied 
on  are  mainly  the  following : — (1)  the  rise  of  temperature  on  the  death 
of  the  cell ;  (2)  the  sudden  setting  in  of  an  acid  reaction ;  (3)  the 
fact  that  living  protoplasm  does  not  precipitate  any  pigment,  while 
dead  proto})lasm  does.  The  author  states  that  the  substance  described 
by  Beinke  under  the  name  of  plastin,  is  an  impure  albuminoid  soluble 
with  difficulty  in  dilute  potassa;  and  that  nnclein  is  also  chiefly 
composed  of  an  albuminoid  combined  with  phosphoric  acid. 

Occurrence  of  Protoplasm  in  Intercellular  Spaces.! — G.  Berthold 
notices  several  instances  of  the  occurrence  of  this  phenomenon : — ^in 

*  Bot  Ztg.,  xlii.  (1884)  pp.   113-20,   129-32.    Of.  this  Journal,  i.  (1881) 
p.  90G :  ii.  (1882)  pp.  67,  361,  440,  522 ;  iii.  (1883)  p.  225. 
t  Ber.  Deutfich.  Bot.  Get-ell.,  ii.  (1884)  p.  20. 
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the  primary  cortex  of  first-year  twigs  of  Cornus  fvtcw,  Liguatrum 
tmlgarej  and  Staphylea  jpinnata ;  in  £e  small  intercellular  spaces 
between  the  collenchymatous  peripheral  cells  of  the  leaf-hinge  of 
Epimedium  alpinum  and  of  the  leaf-stalk  of  Pittosporum  Tobira  ;  in  the 
primary  cortex  of  Rhus  glabra^  &o.  In  order  to  detect  this  inter- 
cellular protoplasm,  uninjured  pieces  of  the  plant  must  be  laid  in 
alcohol,  or  must  be  first  hardened  in  potassium  bichromate.  One  of 
the  best  objects  is  Ligustrum  vtdgare,  whore  the  small  intercellular 
spaces  of  the  young  leaves  of  the  winter-buds,  as  well  as  those 
between  the  young  medullary  cells,  may  be  found  to  be  filled  with  a 
protoplasmic  substance. 

Divisioii  of  the  Gell-imcleiis.* — The  following  are  the  main  results 
of  a  series  of  experiments  on  this  subject  by  E.  Heuser : — 

The  only  point  which  distinguishes  the  material  of  the  nucleus 
from  the  surrounding  protoplasm  is  that  it  consists  to  a  large  extent 
of  nuclein.  When  at  rest  the  substance  of  the  nucleus  consists  of 
granules  of  various  sizes  imbedded  in  the  nuclear  hyaloplasm  which 
has  the  form  of  a  framework  composed  of  strings.  The  granules  do 
not  all  agree  in  chemical  and  physical  properties.  The  nuclear 
hyaloplasm  is  surrounded  by  nuclear  sap,  apparently  identical  with 
the  cell-sap,  and  is  in  continuous  connection  with  the  cyto-hyaloplasm 
through  the  membrane  of  the  nucleus.  The  nuclear  membrane  con- 
sists of  an  extremely  fine-meshed  net  of  cyto-hyaloplasm,  in  which  a 
few  microsomes  may  be  imbedded.  This  network  is  entered  on  one 
side  by  the  delicate  threads  of  cytoplasm,  on  the  other  side  by  the 
fine  strings  of  the  interior  of  the  nucleus. 

The  nucleoli  are  larger  collections  of  nuclear  hyaloplasm,  which 
serve  as  reservoirs  for  the  substance  of  the  nucleus,  possibly  in  solution. 
The  substance  of  the  nucleus  is  divided,  even  while  it  still  has 
the  form  of  a  ball,  transversely  into  a  number  of  loops.  A  further 
segmentation  also  occurs  in  the  pollen-mother-cells  of  Tradescantia. 
The  loops  consist  of  nuclear  substance,  which,  both  in  this  condition 
and  in  that  of  rest,  is  surrounded  by  a  sheath  of  hyaloplasm.  These 
sheaths  are  still  partially  connected  with  one  another  after  the  trans- 
verse division  of  the  substance  of  the  nucleus,  but  afterwards  only 
with  the  nuclear  membrane.  Immediately  after  the  disappearance  of 
this  membrane,  the  threads  of  the  hyaloplasmatic  figure  (tiie  spindle- 
fibres  of  Strasburger  and  the  achromatic  figure  of  Flenmiing)  arise  out 
of  the  sheaths  of  hyaloplasm  by  the  addition  of  cyto-hyaloplasm. 

The  elements  of  the  nuclear  substance,  before  splitting  longitudi- 
nally into  the  equatorial  plate  of  Strasburger,  are  not  distributed 
equally  on  both  sides  of  the  equator ;  there  cannot  therefore  have  been 
up  to  this  time  any  *'  double  decomposition  '*  of  the  equatorial  plate  or 
bisection  of  the  nucleus.  To  render  possible  the  formation  of  two 
daughter-nuclei  of  equal  size  a  further  complete  division  of  the 
nuclear  substance  must  therefore  take  place.  This  is  effected  by 
longitudinal  splitting  and  re-disposition  of  the  elements  under  the 
influence  of  the  hyaloplasm,  which  is  applied  as  "  spindle-fibres  "  to 

♦  Bot.  Centralbl.,  xvii.  (1884)  pp.  27-32,  57-9,  8Sk95,  117-28, 154-7  (2  plB.> 
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the  ends  of  the  separate  rajs  which  lie  nearest  the  centre  of  the 
equatorial  plane.  The  separate  rays  behave  differently  according  to 
their  position  and  surroundings. 

After  the  rays  of  the  daughter-plane  have  bent  at  their  polar 
ends  in  the  form  of  a  hook,  the  fibres  of  hyaloplasm  leave  the  pole, 
an^  appear  again  on  the  equatorial  side  of  the  rudiments  of  the 
daughter-nuclei  as  '*  connecting  threads.*'  While  they  are  developing, 
the  young  daughter-nuclei  assume  the  form  of  a  turban,  which 
favours  the  absorption  of  nutriment  from  the  polar  side  by  means  of 
the  *'  polar  rays."  In  consequence  of  this  the  transformation  of  the 
ball  of  threads  into  tlie  framework  conmiences  from  the  polar  side. 
The  successive  processes  of  formation  of  the  mother-nucleus  are 
repeated  in  reversed  succession  after  the  longitudinal  splitting  of 
the  rays. 

Apical  Cell  of  Phanerogams.* — P.  Eorschelt  confirms  the  state- 
ment of  Dingier  that  the  cone  of  growth  in  flowering  plants  is 
developed  from  a  single  tetrahedral  apical  cell,  by  the  separation  of 
daughter-cells.  This  general  law  is  derived  from  the  observation  not 
only  of  Gymnosperms  (Pinus  Abies,  P.  orientalis,  P.  canadensis^  Taxo- 
dium  distichuniy  and  Ephedra  vulgaris)^  but  also  of  Angiosperms  (Elodea 
canadensis,  Lemna  minor,  CercUophyllum  submersum,  and  Myriophyllum 
verticillatum). 

Nettle-fibre.f — J.  Moeller  has  made  a 'histological  examination 
of  the  fibres  of  the  common  stinging  nettle,  Urtica  diaica,  with  the 
following  results ; — 

The  primary  bast-bundles  of  the  stem  do  not  form  a  connected 
ring,  and  its  fibres  are  mostly  separated  by  intermediate  parenchyma. 
The  cortical  parenchyma  is  not  sclerenchymatons.  At  the  base  of  the 
stem  the  fibres  are  mostly  about  0*12  mm.  in  diameter;  higher  up 
they  are  thinner ;  but  even  at  the  summit  they  have  a  diameter  of 
0  *  04  mm.  The  thinnest  fibres  of  the  nettle  are  therefore  as  thick  as 
the  thickest  of  hemp.  In  consequence  of  their  isolation  they  are 
seldom  polygonal.  At  the  commencement  of  the  time  of  flowering, 
the  fibres  in  the  upper  portion  of  the  stem  only  are  completely 
thickened ;  those  in  the  lower  part  have  still  large  cavities.  There 
are  no  pore-canals.  Fibres  were  measured  22  mm.  in  length ;  they 
are  very  irregular  in  form.  They  consist  of  nearly  pure  cellulose ; 
their  behaviour  with  cuoxam  is  characteristic.  They  swell  with 
extraordinary  rapidity  from  without  inwards  ;  a  sharply  differentiated 
internal  layer  resists  the  action  for  some  minutes ;  but  this  is  also  at 
length  dissolved ;  and,  in  addition  to  a  small  quantity  of  the  con- 
tents of  the  fibres,  a  delicate  network  remains,  the  primary  membranes 
of  the  parenchyma-cells  which  surrounded  the  fibres. 

In  the  opinion  of  the  writer,  the  want  of  secondary  bast-bundles, 
and  the  difficulty  of  separating  the  fibres  completely  from  the  sur- 
rounding parenchyma,  present  insuperable  difficulties  in  the  way  of 

♦  Ber.  Deutsch.  Bot.  Gesell.,  i.  (1883)  pp.  472-7  (1  pi.), 
t  Deutflch.  Allg.  Pulytecbn.  Ztg.,  1883.    See  Bot.  Centralbl.,  x?ii.  (1884) 
p.  58. 
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nsing  the  fibres  of  the  nettle  for  technological  purposes ;  and  the  same 
objections  apply  to  Laportia  puatidcUa,  which  has  been  attempted  to  be 
naturalized  in  Germany  from  North  America. 

Laticiferous  Tissue  of  Manihot  Olaziovii  (Ceara  Rubber).* — D. 
H.  Scott  describes  the  laticiferous  tissue  of  Manihot  Glazioviij  and  states 
the  result  of  his  observations  to  be  that  in  Manihot  the  laticiferous 
tubes  are  not  cells  as  in  the  members  of  the  order  EuphorbiacefB 
hitherto  investigated,  but  vessels,  agreeing  in  most  points  of  distribu- 
tion, structure,  and  development  with  those  of  the  CichoriacesB. 

At  the  same  time  this  high  development  of  the  laticiferous  system 
is  not  inconsistent  with  the  presence  of  numerous  large  and  well- 
developed  sieve-tubes.  Hence  the  prevalent  views  as  to  the  mutual 
substitution  of  these  two  classes  of  organs  are,  to  say  the  least,  of 
limited  application.  Dr.  Scott  considers  it  probable  that  even  within 
a  comparatively  narrow  circle  of  relationship  the  development  of 
laticiferous  tissue  has  had  more  than  one  starting-point,  and  he  is 
disposed  to  assume  a  distinct  origin  in  the  order  Euphorbiacesa  for 
the  laticiferous  cells  and  for  the  laticiferous  vessels. 

Laticiferous  Tissue  of  Hevea  spmoeana.!— B.  H.  Scott  describes 
the  laticiferous  tissue  in  the  stem  of  Hevea  spruceana  to  be  similar  in 
its  general  distribution  to  that  in  Manihot,  and  though  his  observations 
are  not  yet  complete,  its  structure  seems  likewise  to  take  the  form  of 
laticiferous  vessels  and  not  cells. 

Development  of  Root-hairs.^ — E.  Mer  has  made  a  fresh  series  of 
observations  on  the  conditions  favourable  for  the  development  of  root- 
hairs,  and  retains  his  previous  opinion,  in  opposition  to  the  conclusions 
of  Schwarz,  that  it  is  promoted  by  retardation  of  the  growth  of  the  root. 
If  grains  of  lentil  are  made  to  germinate  on  the  surface  of  water  fixed 
on  a  float  made  of  cork,  the  growth  of  the  rootlets  is  at  first  slow. 
They  grow  either  obliquely  or  horizontally,  or  even  rise  towards  the 
surface  of  the  water,  and  become  covered  with  long  hairs.  As  theij> 
length  increases  they  are  more  governed  by  geotropism,  and  grow  in  a 
more  vertical  direction.  The  hairs  with  which  they  are  covered  then 
become  gradually  shorter.  The  seeds  of  the  pea,  oat,  and  wheat 
present  similar  phenomena.  The  rootlets  which  spring  from  the 
bulb-scales  of  the  onion  are  generally  destitute  of  hairs,  whether 
developed  in  water,  moist  air,  or  the  soil.  But,  if  allowed  to  grow  for 
a  time  in  moist  air,  until  their  growth  has  become  retarded,  a  tufb  of 
hairs  will  make  its  appearance  at  the  extremity  of  each. 

Symmetry  of  Adventitions  Roots.§ — Adventitious  roots  may 
spring  either  from  a  node,  in  connection  with  a  leaf  or  axillary  bud, 
or  from  an  intemode.  Nodal  adventitious  roots  are  classified  by 
D.  Clos  as  follows : — 

1.  Latero-foliar.    From  the  edge  of  a  leaf,  either  on  one  side 

"  Qnart  Joum.  Mior.  Soi.,  xxiv.  (1884)  pp.  194-204  (1  pi.). 

t  Ibid.,  pp.  205-7. 

%  Gomptes  Bendus,  xcviii.  (1884)  pp.  583-6.    Of.  this  Juumal,  ante,  p.  79. 

§  Ibid.,  xcvii.  (1883)  pp.  787-8. 
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{Sedum  atbum^  Berheris  cretica)   or  from  both  aides  {Ar%$toloekia 
rotunda), 

2.  Sub/oliar.  Either  a  single  one  from  the  point  of  insertion  of 
the  leaf  (Muhlenbeckta  complexa),  or  several  in  a  whorl  {HouUnynia 
cordcUa). 

3.  Suhstipular.  From  the  lower  surface  of  the  stipule  (Modiola 
caroliniana), 

4.  Axillo- foliar.  From  the  axils  either  of  aerial  leaves  (OroBgula 
perfoucL)  or  of  undergrunnd  scale-leaves  (itfoAonui  AqyAfolium). 

5.  AxiUo-stipular.     From  the  axil  of  stipoles  {Urtica  dioica), 

6.  Latero-gemmar.  In  connection  with  the  axillary  bud,  either 
on  one  side  (Calystegia  septum)  or  on  both  sides  {Spircea  tarhifolia) ; 
sometimes  only  from  one  of  two  opposite  buds  {Paronychia  capitata), 

7.  Supragemmar.  From  immediately  above  the  axillary  bud 
(Lythrum  Salicarta,  Lysimachia  veriicUlaia), 

8.  Suhgemmar.      From   below  each    bud    (Equisetaoee, 
spermum  canadense). 

Penetration  of  Branches  of  the  Blackberry  into  the  Soil.*- 
Wicsner  finds  that  the  winter-buds  of  species  of  BvJbua  growing  in 
woods  with  creeping  branches  are  drawn  into  the  soil  by  ti^e  shorten- 
ing of  the  roots  which  spring  from  the  apex  of  the  shoot.  This 
shortening  takes  place  in  the  roots  of  the  zone  above  the  growing 
region,  and  results  from  increase  of  turgidity,  in  consequence  of  which 
the  growing  part  of  the  root  lengthens.  On  the  boundary  of  these 
two  zones  of  the  root  which  behave  in  opposite  ways  are  the  root- 
hairs,  which  fix  the  root  firmly  into  the  ground  by  becoming  closely 
attached  to  particles  of  soil.  In  consequence  of  this,  the  upper  zone 
of  the  stem  becomes  shorter,  and  the  apex  and  growing  region  of  the 
root  cannot  be  drawn  out  or  injured.  The  traction  on  this  lower  part 
resulting  from  the  shortening  of  the  upper  part,  is,  however,  weakened 
by  the  fact  that,  under  the  conditions  in  which  the  upper  apex  of  the 
root  becomes  shorter,  the  lower  or  growing  region  stretches.  The 
traction  caused  by  the  shortening  is  exerted  simply  in  dragging  the 
apex  of  the  root  into  the  soil.  The  shoots  which  root  at  their  apex 
become  also  thicker  at  their  upper  end,  which  could  only  result  ^m 
a  reversal  of  the  stream  of  water  and  from  a  movement  of  the 
protoplasm  in  a  direction  opposite  to  the  normal  one. 

Circunmntation  and  Twining  of  Stem8.t — J.  Baranetzki  argaes 
in  favour  of  Schwendener*s  view  that  the  twining  of  stems  is  due  to 
circunmntation  and  geotropism,  rejecting  de  Vries's  theory  of  the 
influence  of  the  weight  of  the  terminal  bud. 

Vegetable  Acids  and  their  effect  in  producing  Turgidity.) — 
According  to  H.  de  Vries,  organic  acids  are  never  absent  from  the 
growing  parts  of  plants ;  they  are  the  principal,  and  frequently  the 
only  causes  of  turgidity.   They  are  not  usually  free,  but  most  commonly 

*  SB.  K.  Akad.  Wise.  Wien,  Ixxxvii.  (1883)  pp.  7-17. 
t  Mem.  Acad.  Imp.  Sci.  St.  Peterebourg,  xxxi.    See  Bot.  Ztg.,  xli.  (1883) 
p.  855. 

I  Bot.  Ztg.,  xli.  (1883)  pp.  849-54. 
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united  with  bases,  forming  either  neutral  or  acid  salts.  By  far  the 
most  widely  distributed  of  the  organic  acids  is  malic ;  the  bases  are 
either  organic  or  inorganic ;  the  Letter  chiefly  potassa  and  lime ;  the 
former  comprise  various  nitrogenous  compounds.  The  proportion 
of  acids  present  varies  greatly ;  it  is  dependent  on  external  circum- 
stances, but  is  usually  greatest  in  the  young  growing  parts,  dimi- 
nishing gradually  with  the  age  of  the  organ.  In  young  organs  they  are 
most  commonly  present  in  the  form  of  salts  of  potash,  which  is,  at  a 
later  period,  replaced  by  lime.  In  addition  to  their  function  in  pro- 
ducing turgidity,  these  acids  also  play  an  important  part  in  being  the 
agents  by  means  of  which  potash  is  absorbed  through  the  root 

Metastasis  and  Transformation  of  Energnr  in  Plants.* — A. 
Famintzin  publi^es  an  elaborate  handbook  on  this  subject,  founded 
on  the  researches  of  Pfefifer,  Detmer,  and  others.  He  classifies  the 
subject  under  four  heads,  as  follows  : — (1)  Chemical  composition  of 
plants ;  (2)  Organic  sources  of  nutriment ;  (3^  Synthesis  of  organic 
compounus ;  and  (4)  The  interchange  of  material  between  plants  and 
their  environment. 

Under  the  first  head  the  author  includes  not  only  the  organic 
but  also  the  inorganic  constituents  of  plants ;  as  also  the  crystal- 
line deposits  and  cystoliths.  The  second  treats  of  germination  and 
nutrition,  including  that  of  insectivorous  plants ;  and  of  parasites, 
whether  containing  chlorophyll  or  not.  The  theory  of  fermentation 
and  structure  of  ferments  is  also  included  here ;  and  the  phenomena 
connected  with  fermentation  are  again  discussed  more  in  detail  in  the 
third  part.  The  fourth  section  treats  of  the  properties  of  naked 
protoplasm,  the  interchange  of  substance  in  a  cell  inclosed  in  a  cell- 
wall  (diosmose),  the  absorptive  powers  of  roots  and  leaves,  the  move- 
ments of  gases  and  water,  and  the  transport  of  protoplasmic  sub- 
stances. The  author  does  not  agree  with  Sachs's  view  that  metastasis 
is  always  accompanied  by  a  loss  of  weight. 

Action  of  the  different  Bays  of  Light  on  the  Elimination  of 
Ozygen.f—  J*  Heinke  has  designed  an  apparatus  for  determining  this 
much-disputed  question,  which  he  calls  a  spectrophore, 

A  horizontal  bundle  of  rays  passes  from  the  heliostat  through  a 
vertical  slit  into  the  dark  chamber,  and  then  through  a  telescope 
objective  at  a  convenient  distance  to  a  sufficiently  large  prism,  placed 
at  the  least  possible  deviation  from  an  angle  of  60°,  producing  a  sharp 
objective  spectrum  on  a  screen.  The  screen  consists  of  two  verticid 
level  boards,  which  can  be  so  moved  in  a  slot  that  their  edges  can 
either  be  brought  close  together  or  placed  at  any  distance  from  one 
another ;  any  required  portion  of  the  spectrum  being  then  allowed  to 
pass  through  the  opening.  Immediately  behind  the  screen  is  a  large 
convex  lens  on  which  the  rays  fall,  and  are  collected  into  a  focus  in  a 
small  image  of  from  1  to  2  sq.  cm.  By  this  means  any  required  area 
of  the  spectrum  can  be  cut  off.    When  the  screen  is  entirely  opened, 

*  Famintzin,  A.,  'Metastasis  and  Transformation  of  Energy  in   Plants,' 
(Ru88ian\  816  pp.,  St.  Petersburg,  1883.    Seo  Bot.  Centralbl.,  xVii.  (1884)  p.  U7. 
t  Bot  Ztg.,  xlii.  (1881)  pp.  1-10,  17-29,  33-46,  4U-59  (1  pi.). 
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a  white  image  of  the  sun  is  obtained  in  the  focas ;  when  the  refran- 
gible portion  as  far  as  the  green  is  cat  off,  a  red  image ;  and  in  the 
same  way  a  green  or  blue  image  can  be  obtained.  In  older  to  bring 
exactly  equal  areas  of  the  spectrum  under  observation,  a  scale  ia 
placed  exactly  before  the  screen  adapted  to  the  dispersion  of  the 
prism,  and  prepared  therefore  to  suit  each  particular  prism ;  and 
the  screen  is  then  put  in  position.  The  prism  was  made  some- 
times of  flint-glass,  sometimes  of  bisulphide  of  carbon;  and  the 
action  of  the  various  rays  of  light  was  determined  by  measuring 
the  number  of  bubbles  of  gas  given  off  in  a  unit  of  time  from  a  shoot 
of  Elodea  growing  in  water  containing  carbon  dioxide. 

The  result  of  the  experiments  is  depicted  by  Beinke  in  curves ; 
the  absolute  maximum  of  evolution  of  gas  was  found  to  be  un- 
questionably between  Fraunhofer's  lines  B  and  C,  and  nearer  to 
the  former,  corresponding  to  a  wave-length  of  about  X  690-680. 
From  this  maximum  the  curve  falls  sharply  towards  the  line  A, 
somewhat  less  sharply  towards  E,  and  from  these  more  gently 
towards  H.  If  the  absorption-spectrum  of  living  leaves  is  compared 
with  this  curve,  it  is  seen  that  the  maximum  of  evolution  of  gas  coin- 
cides with  the  absorption-maximum  in  the  red,  or  with  the  absorption- 
band  I,  while  no  secondary  maxima  of  evolution  correspond  to  the 
secondary  absorption-maxima  IE  and  IIL  The  maximum  of  evolution 
of  oxygen,  and  probably  also  that  of  decomposition  of  carbon  dioxide, 
belongs  therefore  to  those  rays  of  the  refrangible  half  of  the  spectrum 
which  are  the  most  strongly  absorbed  by  chlorophyll. 

From  these  facts  Heinke  draws  the  conclusion  that  the  action  of 
chlorophyll  on  the  elimination  of  oxygen  by  plants  is  a  chemical  one ; 
although  the  physical  action  of  chlorophyll  on  which  Pringsheim 
insists  is  not  altogether  excluded,  since  the  strong  absorption  of  the 
refrangible  portion  of  the  spectrum  may  be  connected  with  this 
physical  function. 

Movements  caused  by  Chemical  Agents.* — W.  Pfeffer  has  ob- 
served that  the  motions  of  motile  organisms  and  parts  of  plants  are 
to  a  large  extent  brought  about  by  the  exciting  action  of  special 
chemical  substances,  which,  in  very  small  quantities,  exercise  an 
attracting  influence.  The  substance  which  exercises  the  most  powerful 
influence  in  this  way  is  malic  acid,  an  acid  very  widely  distri- 
buted through  the  vegetable  kingdom.  It  is  the  presence  of  malio 
acid  in  the  arcbegonium  of  ferns  and  Selaginellace^e  which  attracts 
the  antherozoids  into  the  open  channel ;  while  the  specific  attracting 
substance  for  the  antherozoids  of  mosses  is  cane  sugar.  The  author 
was  unable  to  detect  the  attracting  substance  in  the  cases  of  Marsilia^ 
the  HepaticaB,  and  Chara,  In  the  Schizomycetes  there  is  no  one 
specific  attracting  substance ;  but  any  good  nutrient  fluid  has  this 
power ;  they  will  move  towards  the  substance  which  supplies  them 
with  most  nutriment. 

The  proportion  of  malic  acid  in  the  fluid  in  which  the  antherozoids 
of  ferns  are  swarming  required  to  influence  the  direction  of  their 

*  Ber.  Deutsoh.  Bot.  Gesell.,  i.  (1883)  pp.  52i-33;  also,  Unters.  aus  d.  Bot 
Inst.  TubiiigOD,  i.  (1884);  120  pp. 
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moYements  is  very  small,  yiz.  from  0*01  to  0*1  per  cent.,  in  com- 
bination with  any  base  (sodium  malate  was  most  commonly  used) ;  it 
is  perceptible  even  when  the  proportion  is  so  small  as  0*001  per 
cent  Free  malic  acid  has  the  same  effect  as  an  alkaline  salt  in  very 
dilnte  solutions;  but  when  more  concentrated  it  has  precisely  the 
opposite  effect,  causing  repulsion.  A  repulsion  is  effected  by  a  mix- 
ture of  0*01  per  cent,  malic  acid  and  0  *  2  per  cent,  citric  acid ;  or 
by  5  per  cent,  neutral  sodium  malate. 

The  presence  of  so  small  a  quantity  as  *  001  per  cent,  of  cane  sugar 
has  a  corresponding  attractive  force  on  the  antherozoids  of  mosses. 
The  specific  attracting  medium  has  not  yet  been  ascertained  which 
causes  the  collection  of  antherozoids  around  oospheres,  as  in  the 
case  of  Fucus. 

Bacterium  Termo  and  Spirillum  undula  were  powerfully  attracted 
by  a  1  per  cent,  solution  of  extract  of  moat  or  of  asparagin ;  a  higher 
degree  of  concentration  repels  the  latter. 

The  author  suggests  that  the  familiar  bending  of  organs  in  the 
case  of  carnivorous  plants  is  due  to  similar  causes. 

Direct  Observation  of  the  Movement  of  Water  in  Plants.* — 
G.  Capus  gives  the  following  account  of  experiments  on  this  subject, 
chiefly  on  the  dahlia. 

By  means  of  a  flat  razor  a  tangential  section  is  made  in  an  inter- 
node,  a  few  centimetres  in  length,  cutting  into  the  stem  nearly  to  the 
depth  of  the  vascular  bundles ;  this  cut  must  be  slightly  concave. 
On  the  opposite  side  of  the  stem,  and  at  the  same  height,  two  notches 
are  made  penetrating  to  the  pith,  allowing  this  part  of  the  stem  to  be 
raised  so  as  to  expose  the  medullary  canal  or  pith.  This  is  carefully 
taken  out  without  cutting  the  primary  wood  at  the  bottom ;  a  trans- 
parent section  is  thus  obtained  in  which  the  vessels  may  be  examined 
intact. 

The  Microscope  is  placed  horizontally  in  front  of  the  section 
prepared  in  this  way  on  a  cathetometer.  The  plant  may  be  observed 
either  growing  in  the  open  soil  or  in  a  pot.  On  the  section  is  placed 
a  drop  of  water  flattened  by  a  cover-glass  fixed  to  the  stem  by  a  drop 
of  Canada  balsam,  or  held  simply  by  capillarity.  The  section  is  then 
placed  opposite  the  light,  when  the  vessels  and  fibres  of  the  wood 
are  seen  to  be  full  of  bubbles  of  air  more  or  less  numerous  in  strings. 
When  the  weather  is  damp,  the  sky  cloudy,  and  the  ground  saturated, 
the  plant  contains  more  water,  and  there  are  but  few  bubbles  of  air. 
They  are  in  greater  numbers  and  larger  when  the  weather  is  dry,  and 
the  plant  directly  exposed  to  the  sun.  As  soon  as  the  sun  no  longer 
shines  on  the  plant,  ihe  bubbles  of  air  diminish  in  size  in  the  vessels 
and  finally  disappear,  absorption  from  the  roots  exceeding  transpi- 
ration. When,  on  the  contrary,  transpiration  is  relatively  active,  the 
index  indicates  the  ascending  movement  of  water  in  the  vessels. 

EheotropisHLt — ^This  term  is  applied  by  B.  Jonsson  to  the  in- 
fluence of  running  water  on  thd  direction  of  growing  plants  and  parts 

*  Oomptes  BenduB,  xeyii.  (1883)  pp.  1087-89. 
t  Ber.  Deutsch.  Bot.  Gcsell.,  i.  (1883)  pp.  512-21. 
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of  plmnts.     To  tliifl  cause  he  attributes  the  motion  of  the  pliMniadia 
of  the   Myxomjoetes.     If  a  pJasmcdinm  ia   placed   on  a   piece  cd 
blotting-paper  which  dips  into  water  at  one  end,  it  mores  towaids 
the  scarce  of  water,  attracted  bj  the  current  of  water  caosed  by  the 
capillantj  of  the  blotting-paper.     Plasmodia  are  therefore  positiTely 
rbeotropic.     Spores  of  Phtfcomifcea  and  Mucar  sown  on  blotting-paper 
and  fed  bj  a  corrent  of  a  nntrient  floid,  pat  oat  hjplue  which  grow 
with  the    stream,  and  which   are   therefore    negatiTely  rheotropic. 
BoiryiU  cinfrea  is,  on  the  other  hand,  positirelj  iheotropic     Boots 
of  seedlings  of  maize  and  other  cereals  which  hang  down  into  a 
free  corrent  of  water  grow  towards  the  stream ;  they  are,  like  other 
roots,  positively  rheotropic. 

Transpiration.* — A.  Lederc  has  performed  a  series  of  experi- 
ments to  determine  the  laws  which  regnlate  the  amount  of  transpira- 
tion from  the  sorface  of  leaves.  In  a  perfectly  satnrated  atmosphere 
he  asserts  that  leaves  do  not  transpire;  they  may  even  aoqnire  a 
not  inconsiderable  increase  in  weight.  If  the  fignres  obtainedi  from 
experiments  are  represented  in  a  system  of  rectangnlar  co-ordinates, 
the  carve  of  transpiration  is  foand  to  correspond  mach  more  with  the 
psychrometric  than  with  the  actinometrio  carve.  The  following  are 
the  general  conelosions  arrived  at  by  the  author : — 

1.  Transpiration  is  independent  of  light.  2.  It  fiJls  to  zero  in 
an  absolutely  moist  atmosphere.  3.  It  is  a  function  of  the  hygro- 
metric  condition  of  the  air,  and  may  be  expressed  with  sufficient 
accuracy  by  the  equation  E  =  arF— /)d:<7;  where  a  is  a  coefficient 
varying  for  each  plant,  but  invariable  for  plants  in  the  same  series  of 
experiments ;  /  the  tension  of  the  aqueous  vapour  existing  at  the  time 
in  the  air;  c  a  positive  or  negative  constant  4.  When  the  trans- 
piration of  a  plant  is  more  active  in  the  sun  than  in  the  shade,  this 
depends  {a)  on  the  rays  of  heat,  which  always  accompany  the  rays  of 
light,  ana  warm  the  tissues ;  and  Q>)  on  the  activity  of  assimilation  of 
the  leaves  in  the  light. 

The  yellowing  of  leaves  is  often  due  to  the  transpiration  being 
checked.  The  disease  of  the  vine  known  as  ''  folletage,"  is  due  to  the 
leaves  withering  and  dying  in  consequence  of  excessive  transpiration. 

Transpiration-current  in  Woody  Plants.! — J.  Dufour  continues 
the  discussion  on  this  subject,  adducing  fresh  arguments  in  favour 
of  Sachs's  theory  of  imbibition ;  the  currents  also  being  assisted  by 
filtration  from  cell  to  cell,  especially  through  the  agency  of  pitted 
vessels.  Experiments  are  described  carried  on  for  the  purpose  of 
proving  that  the  transpiration-current  can  only  take  place  Uirough 
the  walls  of  the  wood. 

To  these  arguments  E.  Hartig  replies,^  maintaining  that  the 
passage  of  water  through  the  wood  does  not  ordinarily  take  place 

♦  Ann.  Sci.  Nat.  (Bot),  xvi.  (1883)  pp.  231-79. 

t  Dufour,  J.,  *  Ueber  den  Transpirationsstrom  in  Holzpflanzen,'  1883.  See  Bot 
Ztg..  xli.  (1883)  p.  843. 

t  Hartig,  R.,  *Die  Gasdrucktheorie  u.  die  Sachssche  Imbibitions-theorie,* 
Berlin,  1883.    See  ibid.,  p.  844. 
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tliroagli  the  cell-walls,  but  bj  filtration  from  cell  to  cell ;  although 
the  former  may  occur  in  special  circumstances,  as,  for  example,  when 
all  the  fluid  water  has  been  removed  from  the  wood  by  transpiration. 

Origin  and  Morphology  of  Chlorophyll-corpuscles  and  Allied 
Bodies.* — F.  O.  Bower  gives  a  useful  summary  and  discussion  of  the 
results  of  recent  researches  on  this  subject,  especially  those  of 
Sohimper,  Meyer,  and  Schmitz  which  have  already  been  noted  here. 

Under  the  heading  of  "  the  Trophoplasts  "  A.  Meyer  also  gives  j 
a  summary  of  the  results  of  the  recent  work  on  Chlorophyll- 
corpuscles. 

Spectmin  of  Chlorophyll. { — A.  Tschirch  continues  his  researches 
on  "pore  chlorophyll,"  the  term  which  he  applies  to  the  product 
obtained  by  the  reduction  of  chlorophyllan  by  means  of  powdered 
zinc.  In  Uie  so-called  "  solid  chlorophyll,"  obtained  by  evaporating 
pure  chlorophyll  in  a  glass  vessel  he  notices  a  small  displacement  of 
the  absorption-bands  of  the  spectrum  towards  the  red  as  compared 
with  an  alcoholic  solution ;  and  the  same  phenomenon  is  presented  by 
chlorophyll  dissolved  and  hardened  in  paraffin.  In  the  solid  chloro- 
phyll of  the  leaf  there  is  a  much  greater  displacement  in  the  same 
direction.  This  results,  in  the  author's  opinion,  from  the  chlorophyll- 
grain  being  a  mixture  of  two  substances,  pure  chlorophyll  and 
xanthophyll.  A  useful  synonymy  is  appended  of  the  terms  employed 
by  different  writers  in  describing  the  various  members  of  the  chloro- 
phyll group. 

Portion  of  the  Spectrum  that  decomposes  Carbon  Dioxide.§ — 
0.  Timirjaseff  maintains  that  a  solution  of  chlorophyll  is  not,  as  held 
by  Wiesner  and  others,  decomposed  most  quickly  by  the  yellow,  but 
by  the  red  rays.  The  decomposition  of  csirbon  dioxide,  as  well  as  the 
transformation  of  chlorophyll,  is  caused  by  one  and  the  same  group 
of  rays  absorbed  by  the  pigment.  The  green  group  of  rays  is  not 
absorbed  at  all  by  weak  solutions  of  chlorophylL 

Chlorophyll  in  Cusonta.|| — The  parasitic  Cuacutce  have  hitherto 
been  described  as  entirely  destitute  of  chlorophyll.  F.  Temne,  how- 
ever, finds  distinct  indications  of  its  presence  by  C.  europceti.  This 
was  established  by  an  evident  green  tinge,  either  of  the  whole  proto- 
plasm or  of  separate  granules,  especially  in  the  infloresccDce ;  by 
the  spectrum  of  chlorophyll  obtained  in  an  alcoholic  extract;  and 
by  direct  evidence  of  the  evolution  of  carbonic  acid. 

Work  performed  by  Chlorophyll.1~From  a  series  of  experiments, 
0.  Timirjaseff  deduces  the  result  that,  where  there  is  energetic  decom- 

♦  Quart  Joum.  Micr.  Sci.,  xxiv.  (1884)  pp.  237-54  (1  pL). 

t  Biol.  Centrabl.,  iv.  (1884)  pp.  97-113. 

i  Ber.  Deutsch.  Bot.  Gesell.,  i.  (1883)  pp.  462-71  (1  pi.);  and  ibid., 
Ckneralvers.  in  Freiburg.,  xvii.-xzii. 

§  Arbeit.  St.  Petersb.  Natnrf.  Gesell.,  xiii.  (1883)  p.  10  (Rnssiau).  See  Bot. 
Centralbl.,  xviL  (1884)  p.  101. 

H  Ber.  Deutsoh.  Bot.  Oesell.,  i.  (1883)  pp.  485-6. 

^  Arbeit  St  Petersb.  Naturf.  Gesell.,  xiii.  (1883)  p.  9  (Buuion).  See  Bot 
ContralbL,  xvii.  (1884)  p.  100. 
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position  of  carbon  dioxide,  20  per  oent^  and,  under  special] j  fiiToarable 
circnmstances,  as  mnch  as  40  per  cent.,  of  the  entire  aolar  energy  is 
ntilized  bj  the  chlorophyll,  the  proportion  thoa  nsed  up  being  Teiy 
much  larger  than  has  been  assumed  by  Pfefier  and  PringBheim. 

SphflBrocryitali.* — A.  Hansen  has  examined  the  simctnre  of 
crystals  in  a  number  of  plants.  Those  found  in  the  cells  of  sereral 
species  of  Euphorbia  agree  in  general  with  the  ordinary  form,  and 
consist  of  calcium  phonphate ;  as  also  do  those  of  Mewewibrfamtkemum 
and  of  Maraiiia  ciaUcB/olia  and  Angiopterit  evecUju  Those  of  Caceuiut 
laurifolitu  and  of  Captella,  on  the  other  hand,  do  not  consist  of  any 
phosphate,  bat  are  apparently  organic  in  their  nature. 

The  author  asserts  that  spharocrystals  do  not  grow,  either  by 
apposition  or  in  any  other  way.  They  appear  in  the  cell-contents  in 
the  form  of  drops,  which  gradually  harden  into  solid  bodies.  They 
are  invested  by  a  pellicle ;  and  their  striking  stratification  does  not 
result  from  their  mode  of  growth,  but  from  a  differentiation  during 
hardening. 

The  conclusions  of  the  author  were  confirmed  by  obeerring  the 
beliaviour  of  artificial  sphasrocrystals  made  of  calcium  phosphate  and 
calcium  carbonate. 

SphsBroorystals  of  Paspalum  elegani.t — According  to  J.  Borodin, 
if  sections  of  the  leaf  of  Poipalum  eUgans  are  moistened  with  aloohol, 
and  the  latter  allowed  to  evaporate  under  the  cover-glass,  peculiar 
yellow  sphBerocrjstals  make  their  appearance,  which  shine  brightly 
in  polarized  light.  They  are  easily  soluble  in  hot,  less  easily  in  oold 
water,  rapidly  in  dilute  hydrochloric  acid,  and  especially  ut  weak 
potash-lye,  colouring  it  an  intense  yellow.  When  carefully  warmed, 
they  melt  into  homogeneous  intensely  yellow,  strongly  but  not  doubly 
refractive  balls,  still  soluble  in  water.  The  substance  which  afbrda 
these  sphsBFocrystals  is  very  peculiarly  distributed  in  the  plant.  It 
occurs  only  in  the  lamina  of  the  leaves,  the  leaf-sheaths  and  stems 
being  quite  free  from  it.  It  is  especially  abundant  in  the  apical  part 
of  the  leaf.  The  distribution  of  potassium  nitrate  is  exactly  the 
reverse. 

Although  these  properties  resemble  to  a  certain  extent  those  of 
leucin  in  the  dahlia,  yet  careful  experiments  show  that  the  substance 
which  yields  these  Bphaerocrystals  is  not  leucin.  But  under  special 
circumstances  leucin  is  found  in  the  leaf  of  Paspalum  elegans. 

Calcium  Oxalate  in  Bark^ — From  observations  made  on  the 
deposits  of  calcium  oxalate  in  the  bark  of  a  considerable  number  of 
trees,  S.  Banner  is  led  to  adopt  the  ordinary  view  that  this  substance 
is  an  excretory  product,  and  not  a  reserve  food-material.  He  found 
that  they  did  not  disappear  from  the  bark  as  the  new  shoots  were  put 
out,  but  were  constantly  present  at  all  times  of  the  year. 

*  SB.  Phys.-Med.  GeselL  Wurzburg,  1883,  pp.  20-2. 

t  Arbeit.  St  Petersb.  Naturf.  GeselL,  xui.  (1883)  pp.  47-60  (Bussian).  See 
Bot.  Centralbl.,  xvii.  (1884)  p.  102. 

I  Arbeit.  St.  Petersb.  Naturf.  Gesoll.,  xiii.  (1883)  pp.  24-33  (Russian).  See 
Bot  Centralbl.,  xvii.  (1884)  p.  101. 
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B.    CBYPTOGAMIA. 

Cryptogaxnia  Vascularia* 

StigmariflB.* — Professor  Barker  has  made  the  following  determina- 
tion of  the  species  of  Stigmaria  found  by  E.  Wethered  in  the  Durham 
coal-beds.  The  microspores  strikingly  resemble  those  of  l9oete9^ 
especially  when  gently  crushed.  The  triradiate  markings  of  the 
fossil  spores  were  almost  exactly  like  the  flattened  three  radiating 
lines  which  mark  the  upper  hemisphere  of  the  microspores  of  laoeies 
lacustris.  He  suggests  for  the  carboniferous  plant  the  generic  title 
Isoetoides, 

In  the  discussion  which  followed  the  reading  of  this  paper,  Mr. 
W.  Carruthers  and  Mr.  W.  Boyd  Dawkins  did  not  agree  with  the 
author  in  identifying  these  spores  necessarily  with  the  form  allied  to 
Igoetes.  Neither  true  woody  tissue  nor  sporangia  are  to  be  found  in 
coal,  although  macrospores  and  microspores  abound.  Coal  is  composed 
of  two  principal  elements,  carbon  proper  and  a  fossil  resin;  the 
blazing  property  of  coal  is  due  to  the  latter,  which  is  composed 
mainly,  but  not  entirely,  of  fossil  spores. 

MuBcinead. 

Cephalozia.! — ^In  addition  to  the  characters  hitherto  employed 
for  distinguishing  the  families  and  genera  of  Hepaticie,  B.  Spruce 
considers  the  following  as  of  yalue : — (1)  The  origin  of  the  branches, 
which  are  either  all  ventral,  as  in  Cephalozia^  Calffpogeia,  ^,  or  all 
lateral,  as  in  Lejeunia^  Badula,  &c,  (m  FruUania  and  Scapania  all 
are  exactly  axillary ;  in  Lejeunia  and  Badula  infra-axillary,  nearer 
Uie  outer  base  of  the  leaf).  (2)  The  origin  of  the  angles  of  the 
perianth,  which  originate  either  from  the  marginal  coalescence  of 
nearly  flat  leaves,  as  in  Lophocolea^  PlagiockUa,  &c.,  or  from  the 
wedge-shaped  leaves,  as  in  CephaUma,  Soajpania^  &c.  (3)  The  structure 
of  the  wall  of  the  capsule.  (4)  The  number  of  sexual  organs, 
especially  of  the  male,  which  is  very  constant  in  many  genera. 

Then  follows  an  exhaustive  diagnosis  of  the  genus  C^halozia,  of 
its  subgenera,  and  of  most  of  its  species.  The  most  important  generic 
characters  are  : — Prothallium  filiform ;  branches  of  ventral  origin ; 
leaves  flat  or  curved  inwards,  never  reflexed ;  perigonial  leaves  always 
with  only  a  single  male  organ ;  female  inflorescence  capitular,  lateral, 
with  its  leaves  in  three  rows ;  perianth  free,  trianpilar-wedge-shaped, 
the  third  edge  always  ventral ;  cap  free ;  wall  of  capsule  with 
semicircular  fibres ;  elaters  bi-spiral. 

The  genus  is  divided  into  eight  subgenera,  and  a  large  number  of 
species  are  described.  The  first  two  subgenera,  each  comprising 
only  a  single  species,  are  thallose,  the  rest  foliose.  Several  genera 
nearly  allied  to  Cephahzia  are  also  described,  making  up  the  author's 
tribe  Trigonanthesd. 

*  Abetr.  Proc  Geol.  Soo.  London,  March  5, 1884. 

t  Spruce,  R.,  *  On  Gephalozia,  a  geniu  of  HepatieiB.'    Malton,  1882.    See 
Bot  Gentralbl.,  xv.  (1883)  p.  300. 
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TLe  aaihor  c«>&sul(eri  Ike  wtfnmtkm  of  the 
Gt*jc»ljcett  M  a  dissizkct  group  to  be  uisoiiimI,  each  gamp  liaTing  one 
orm<^re~  i£ArsiipiAl''«geocalTeal)geiiam.  The  pe— ge  beiween  •bore* 
gix/cnd  m&d  nxkd^Tjjixmd  pcriaalhs  oeean  in  thoee  gLmatM  the  peri- 
cLittiuin  of  which  im  more  or  lev  voted  into  a  fleihj  c^  which  msy 
ftvell  aod  form  a  roodng  pcvitebeEBBee ;  finder  derdopoieiit  down- 
wmrdfl  leeds  to  a  pendent  mc  Thns  AeroUbmB  ie  n  diieel  deriintiTe 
from  thoae  apeciee  id  Aoniio,  like  3r.  BrtidUn^  the  roodng  projecting 
iDToliicre  of  which  is  the  forerunner  of  the  pw^i***^  poeket  of  A. 
WiUomi ;  the  TegetadTe  organs  of  both  are  similar. 

The  following  are  the  characteristios  of  the  three  proposed  primary 
groups  of  Hepaticc: — (1)  Hypoeolea^  with  free  inirtilaeve;  (2>  £jpt- 
coUaj  perianth  and  inTolacre  coaleecent ;  (3)  ManmpioeolMBj  with  sao- 
like  fructification.  The  genera  of  Jangennannies  can  be  rlinnnd 
nnder  these  three  groups.  Urns : — ^1)  Leio^cffpkut  and  /tm^erwaaaia  ; 
(2)  Souikb^  and  Nardia  ;  (3)  Lmdigima  9m3  AcroboOmg. 


Lamells  of  the  AgaridnL* — H.  Heeee  has  paid  special  attention 
to  the  stmctnre  of  the  lamellie  of  the  Agaricini,  with  a  yiew  of 
obtain LDg  for  them  characters  for  the  classification  of  the  genera. 

The  structure  of  the  trama  may  be  clanified  under  fire  heads,  as 
follows : — 

1.  Trama  homomorphous,  with  parallel  threads  of  cells. 

2.  Trama  homomorphous,  with  curved  hyphse. 

8.  Trama  heteromorphous,  elongated ;  with  usually  ribbonnshaped 
cells  at  the  sides,  vesicular  cells  in  the  middle. 

4.  Trama  beteromorphous ;  usually  with  vesicular  and  ribbon- 
shaped  cells  intermixed  (Bustula,  Laciarius). 

5.  Trama  heteromorphous ;  elongated  cells  in  the  middle,  round 
cells  at  the  side  (Coprinus), 

These  different  forms  run  into  one  another. 

When  fully  developed  the  hymenium  is  composed  of  four  kinds  of 
cells :  (1)  long  pointed  cells,  cystidia  ;  (2)  short  pointed  cells,  para- 
pbyses ;  (3)  short  cells,  rounded  at  the  end,  sterile  basidia ;  and  (4) 
cells  like  the  last,  but  bearing  spores,  fertile  basidia.  Of  these  ihe 
last  kind  are  always  present ;  any  of  the  three  others  may  be  wanting. 
Fleshy  fungi  rarely  have  paraphyses  or  cystidia ;  the  latter  are  found 
chiefly  in  small  membranous  species.  The  regular  occurrence  of 
paraphyses  is  characteristic  of  Coprinus,  The  basidia  may  be  classed 
under  three  heads :  ( 1)  narrow,  occurring  only  with  white-spored 
genera ;  (2)  short ;  (3)  long. 

Fungi  with  homomorphous  trama  and  ribbon-shaped  interwoven 
hyphsB  usually  have  narrow  basidia,  as  in  Cantharellus  and  CUtocyhe^ 
These  series  are  connected  on  one  side  with  Mycena  with  heteromor- 
phous trama,  on  the  other  side  with  Trtchdoma  with  parallel  cells. 
In  proportion  as  hetoromorphism  increases,  a  change  may  be  seen 

*  Iloese,  H.»  *  Dio  Anatomie  der  Lamelle,  u.  ihre  Bedeutung  ftir  die  Systematik 
dbt  Agariciueen,'  43  pp.,  Berlin,  1883.    See  Bot.  Gentralbl.,  xvii.  (1884;  p  68. 


ZOOLOGY   AND  BOTANY,   MIOfiOSOOPY^   BTC.  419 

from  the  basidial  form  of  Mycena,  through  OcUera  and  Paathyra,  to 
CofrinuB,  Tho  third  group,  with  long  basidia,  can  also,  with  the 
exception  ofLactarius  and  BuMida,  be  arranged  in  a  series  of  relation- 
ship, the  highest  forms  of  which  are  Amanita  and  Volvaria, 

With  reference  to  the  formation  of  sterigmata  and  the  abstriotion 
of  spores,  Heese  dissents  from  the  view  that  the  same  basidiom  may 
produce  spores  several  times.  He  adduces  several  iostances  of  dual 
sterigmata. 

The  cjstidia  may  be  used  for  the  distinction  of  species  to  a  much 
greater  extent  than  the  basidia,  in  relation  to  their  position,  size,  and 
£)rm.  They  may  be  fusiform,  pear-shaped,  and  pointed  at  the  end, 
capitulate,  or  hair-like.  The  writer  is  unable  to  determine  their 
function. 

The  colour  of  the  spores  is  characteristic ;  they  should  be  observed 
both  dry  and  moist,  as  they  frequently  change  their  form  when 
moistened.  The  size  of  the  spores  has  no  relation  to  the  size  of  the 
fungus,  but  only  to  that  of  the  basidia.  In  the  white-spored  sub- 
genera, the  spores  have  a  tendency  to  be  rounded  and  shorter ;  light 
brown  spores  are  mostly  ovoid,  dark  brovm  spores  ellipsoidal ;  black 
spores  are  always  ellipsoidal. 

Formation  of  Gum  in  Trees.* — Sir  James  Paget  draws  attention  to 
some  remarkable  investigations  made  by  Dr.  W.  Beyerinck  f  in  con- 
nection with  the  formation  of  gum  in  trees.  Dr.  Beyerinck  found  that 
in  the  peach,  apricot,  plum,  cherry,  or  other  trees  bearing  stone-fruits, 
the  formation  of  gum  may  be  caused  by  inserting  a  portion  of  tho 
gum  under  the  edge  of  a  wound  through  the  bark.  The  observation 
that  heated  or  long-boiled  pieces  of  gum  would  not  produce  this  effect, 
and  that  wounds  made  in  the  bark  of  the  tree  did  not  produce  gum 
unless  a  portion  was  first  introduced  into  it,  led  him  to  suspect  that 
the  formation  of  gum  was  due  to  the  presence  of  bacteria  or  other 
living  organisms.  On  microscopical  investigation  he  found  that  only 
those  pieces  of  gum  containing  spores  of  a  highly  organized  fungus, 
belonging  to  the  Ascomycetea,  had  the  power  of  conveying  the  gum- 
disease  or  gummosis,  and  that  these  spores,  inserted  by  themselves 
under  the  bark,  produced  the  same  pathological  changes  as  did  the 
pieces  of  gum.  The  fungus  has  been  examined  by  Professor 
Oudermans,  who  has  ascertained  it  to  be  a  new  species,  and  has 
named  it  Coryneum  Beyerinchii.  Its  chief  characters  consist  in 
the  fact  that  it  has  a  cushion-like  stroma,  composed  of  a  bright 
brown  parenchyma,  on  which  stand  numerous  conidia  having 
colourless,  unicellular  and  very  slender  stems,  about  as  long  as 
themselves.  The  conidia  are  small,  cask-shaped,  about  one-third 
of  a  millimetre  in  length,  and  usually  divided  by  slightly  con- 
stricting septa  into  four  cells,  of  which  the  two  terminal  are  longer 
than  the  two  middle  ones.  fVom  these  cells  germinal  filaments  may 
proceed,  from  which  are  developed  brown,  thick-walled,  and  many- 
oelled  mycelia.   The  first  symptom  of  the  gum-disease  is  the  develop- 

♦  Bull.  Torrey  Bot.  Club,  xi.  (1884)  pp.  33-4  from  •  Medical  Times.' 
t  Arch.  Need.  Sci.  Exact,  et  Nat,  xix.  (1884)  pp.  43-102  (2  pis.). 

2  r  2 


420  BUMMABT   or  OURRENT   RESSAB0HE8  SSLATENa   TO 

mont  of  a  beaatiful  red  ooloor  aroand  the  wound  due  to  the  fonnatioQ 
of  a  rod  pigment  in  one  or  more  of  the  lajers  of  the  cells  of  the  bark. 
Dr.  Bcyerinck  boliovcs  that  the  fongoB  prodnoes  a  fluid  of  the  nature 
of  a  formont,  which  penetrates  the  adjaoent  stmctnresy  since  the 
disoaso  extouds  beyond  the  parts  in  which  any  trace  of  the  fnngns  can 
bo  dctectod.  This  formont  he  believes  to  act  on  the  cell-walls,  starch- 
granules,  and  other  constituents  of  the  cells,  transforming  them  into 
gum,  and  oven  changing  into  gum  the  Coryneum  itself.  The  influence 
of  this  fluid  is  also  exerted  in  the  cambium,  cansing  the  formation  of 
morbid  parenchyma,  the  colls  being  cubical  or  polyhedral,  thin-walled 
and  rich  in  protoplasm,  which  is  in  its  turn  transformed  into  gum. 
It  is  further  stated  that  *'  a  similar  disease  produces  gum  arabic,  gum 
tragacantb,  and  probably  many  resins  and  gum  resins."  Gum  traga- 
canth  is  known  to  be  produced  by  the  pith  as  well  as  the  bark  of  Uie 
stem,  and  to  ooze  out  from  the  pith  when  the  stem  is  out ;  and  if  it  be 
indeed  due  to  a  disease  it  wotdd  seem  as  if  the  disease  infects  the 
whole  plant.  Gum,  moreover,  may  be  found  in  the  uninjured  husk  of 
the  almond,  and  it  seems  at  first  sight  more  probable  that  the  irritation 
caused  by  a  fungoid  parasite  should  cause  a  greater  flow  of  the  natural 
product,  just  as  the  irritation  caused  by  an  insect  causes  the  develop- 
ment of  galls. 

Attraction  of  Insects  by  Phallus  and  Coprinus.* — ^E.  Il4thay  and 
B.  Haas  have  examined  the  structure  of  the  fructiflcation  of  PhalUu 
impudicuSj  with  a  view  to  determine  the  peculiarities  in  its  construc- 
tion which  attract  flies  and  other  insects  to  it.  This  is  eflected  partly 
by  the  odour  and  partly  by  the  taste.  They  find  the  fluid  which  results 
from  the  deliquescence  of  the  gleba  to  contain  abundance  of  sugar ; 
aud  visiting  this  they  observed  as  many  as  fourteen  species  of  insec^ 
most  of  which  also  visit  the  nectar  of  flowers  or  feed  on  honeydew. 

The  same  phenomenon  is  exhibited  by  a  number  of  other  species 
of  PhalloidesB  ;  and  the  explanation  suggested  is  that  the  insects  are 
useful  to  the  fungi  in  disseminating  the  spores,  which  are  set  free  by 
the  deliquescence  of  the  gleba. 

The  pilous  of  species  of  Coprinw  and  of  some  other  species  of 
Agaricini  also  exude  sugar. 

With  regard  to  the  exact  chemical  nature  of  the  substance 
formed,  the  authors  state  that  it  consists  in  all  these  cases,  in  addition 
to  dextrose,  of  another  sugar  which  also  belongs  to  the  same  class, 
and  is  probably  trehalose.  In  PhaUus  impudicus  there  are  no  leas 
than  three  substances  which  reduce  alkaline  solution  of  copper,  vis. 
dextrose,  levulose,  and  a  substance  intermediate  between  dextrose  and 
gum.  In  Coprinus  deliquescem  the  only  one  of  these  substances  present 
is  dextrose. 

Development  of  A80omyoete8.t — After  some  further  details  of 
the  points  m  the  development  of  the  Ascomycetos  already  alluded  to, 
E.  Eidam  describes  two  other  remarkable  species. 

•  SB.  K.  Akad.  Wiss.  Wien,  Ixxxvii.  (1883)  pp.  18-44. 
t  Cohn'8  Beitr.  Biol.  Pflanzen,  iii.  (1883)  pp.  377-433  (5  pl8.>    Cf.  this 
Journal,  ante^  p.  94. 
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Helicasporangium  parasittcum  has  been  found  especially  on  carrots. 
The  mycelium  branches  copiously,  the  ends  of  the  branches  coiling 
like  a  watch-spring,  a  second  spiral  often  springing  from  the  stalk 
of  the  first,  and  becoming  closely  united  with  it  in  growth.  The 
spirals  become  septated,  and  a  central  cell  is  separated,  which 
increases  considerably  in  size,  becomes  brownish  red  and  densely  filled 
with  protoplasm,  while  the  cortical  cells  are  nearly  empty,  the 
central  cell  only  germinating.     The  fungus  produces  also  oonidia. 

Papulispora  aspergilUformis  is  found  on  all  kinds  of  decaying 
substances,  such  as  stems,  seeds,  fruits,  tubers,  <Src.,  forming  a  delicate 
white  coating,  which  is  soon  covered  with  the  brownish  red  clusters 
of  spores.  The  mode  of  reproduction  is  by  conidia  resembling  those 
of  Aepergilltbs ;  but  the  fungus  also  produces  very  peculiar  reproductive 
bodies,  which  are  called  bulbils  by  the  author.  It  also  produces 
ohlamydospores. 

Fungi  Parasitic  on  Forest-trees.* — In  continuation  of  previous 
investigations,  E.  Bostrup  gives  the  following  account  of  the  parasitic 
fungi  most  destructive  to  forest-trees  in  Denmark. 

Mdampsora  salicina.  The  author  confirms  the  statement  of  Nielsen 
that  the  species  of  Mdampsora  found  upon  willows  belong  to  the 
heterodcious  Uredinesd,  and  that  CcBoma  Bibe$ei  and  Eiwnymi  are  their 
adcidial  forms,  while  C,  Mercurialis  is  the  aacidial  form  of  M,  TremtdcB, 

Peridermium  Pint  corticola,  the  vesicular  SBcidial  form  of  Ooleo- 
tporium  SenecioniSf  has  been  of  late  years  very  destructive  to  Pintu 
Strcbvs  in  Denmark,  completely  destroying  plantations  from  five  to 
twenty  years  old.  Since  the  a^cidial  form  cannot  propagate  itself 
from  tree  to  tree,  while  Coleosporium  will  maintain  itself  from  year 
to  year,  the  complete  destruction  of  Senecio  sylvaticua  would  be  an 
efiective  way  of  eradicating  the  pest 

Cceoma  pintiorquum  often  mi^es  its  appearance  in  large  quantities 
on  young  plantations  of  various  species  of  pine  on  the  heaths  of 
Jutland.  C.  Laricia  has  also  found  its  way  into  Denmark,  attacking 
the  European  and  American  larches  since  1881. 

Agaricus  melleus  sometimes  destroys  as  much  as  25  per  cent,  of 
the  young  pines  in  the  Jutland  plantations,  rhizomorphs  more  than 
11  feet  long  having  been  dug  out  of  the  ground ;  they  attack  and 
completely  destroy  felled  truiLCS  of  oak  or  ash  lying  on  the  ground. 
Bostrup  gives  a  list  of  twenty-four  species  of  tree  which  this  destruc- 
tive parasite  attacks. 

In  older  plantations  of  conifers,  still  greater  injury  results  from 
the  attacks  of  Trameies  radiciperda,  which  also  occasionally  seizes 
upon  young  trees. 

Polyporua  fomentaritis  is  a  true  parasite,  the  mycelium  of  which 
permeates  the  entire  duramen  of  beech-trees,  attacking  them  when 
quite  healthy.  P.  betuUnus  is  also  injurious  to  birch-trees;  and 
P.  nigricajis  is  found  in  a  half-fossil  condition  on  the  trunks  of  Betula 
dlha  buried  in  turf-mosses. 

*  Miiller'a  Tidsskr.  for  Skovbnig.,  vi.  (1883)  pp.  199-800  (17  woodcuts).    See 
Bot  Centralbl.,  xv.  (1883)  p.  117. 
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Thelephara  Uiciniata  is  injurious  to  conifers  from  one  io  two  years 
old,  attacking  especially  Pinus  morUana  and  Picea  exeeUa, 

Corticium  eomedens  often  attacks  and  kills  young  oaks  and  alders. 

Of  the  Gymnoasci  which  form  the  "  witch-brooms/'  Exoobcub  is 
especially  described  on  various  species  of  PrutitM,  E,  Carpini  on  the 
hornbeam,  and  Taphrina  hetuUna  n.  sp.  on  the  birch.  The  colourless 
branched  mycelium  of  the  last  species  penetrates  the  branches  and 
leaves,  forming  on  the  under  side  of  the  latter  a  mealy  coating  com- 
posed of  the  asci  (about  45-55  /a  long  and  20  /a  broad ;  in  Which  are 
numerous  ovate  or  elongated  spores,  about  &-7  /a  long  and  3-4  /a 
broad. 

Peziza  Willkomtni  has  attacked  a  large  number  of  young  trees  in  a 
larch  plantation.  A  few  inches  above  the  ground  the  bark  assumes  a 
red  colour,  and  is  covered  with  numerous  whitish  warts,  the  sx)ermo- 
gonia  of  this  fungus,  containing  a  quantity  of  extremely  small 
elliptical  and  slightly  curved  spermatia.  The  apothecia  are  developed 
somewhat  later,  a  little  higher  on  the  stem.  Beneath  the  coating  of 
spermogonia  the  cambium-layer  is  entirely  destroyed. 

Lophodermium  pinastri,  which  is  exceedingly  destructive  to  the 
Danish  pine-woods,  is  treated  at  length,  and  is  shown  to  be  the  cause  of 
the  disease  known  in  Denmark  as  "  Schiitte."  The  leaves  of  trees  from 
one  to  two  years  old  arc  permeated  by  the  colourless,  branched  and 
unseptated  mycelium,  causing  them  to  turn  brown.  The  spermogonia 
appear  at  the  same  time  in  great  numbers  on  the  cotyledons  and 
primary  leaves  of  the  main  stem,  as  black  elongated,  or  slightly 
curved  lines.  They  are  filled  with  numerous  rod-shaped  spermatia^ 
6-8  /A  long  and  about  1  /a  broad.  They  always  precede  the  formation 
of  perithecia.     It  is  most  destructive  to  Pinus  austriaca. 

Another  species,  Lophodermium  hrachysporum  n.  sp.,  attacks  Pinna 
Strcbus.  The  perithecia  are  smaller  than  in  the  last  species,  and  are 
placed  in  a  single  row  on  the  under  side  of  the  leaves,  often  while 
they  are  still  green.  The  asci  are  100  /a  long  and  20  /a  broad  ;  the 
spores  20-25  /a  long  and  4  /a  broad,  and  are  surrounded  by  a  gelatinous 
envelope.  On  P.  austriaca  is  also  found  another  species,  L,  gilvum 
n.  sp.,  with  very  small  oval  pale-yellow  perithecia,  inclosing  paraphyses 
80-85  /A  long,  and  asci  75-80  /a  long  and  10-12  /a  broad,  each  of 
which  contains  eight  long  filiform  spores. 

Hypoderma  sulcigenum  n.  sp.  is  an  ascomycete,  producing  on 
Pinu8  aylveatris  and  montana  a  similar  appearance  to  that  of  Lopho^ 
dermium  pinastri.  It  appears  locally  on  the  leaves,  producing  brown 
spots  and  streaks ;  the  perithecia  are  black  and  linear,  from  1-5  lines 
long,  and  open  by  a  longitudinal  crevice.  They  inclose  filiform 
paraphyses  and  club-shaped  asci  75-85  ft  long  and  12  ft  broad,  each 
containing  four  club-shaped  spores,  30-40  /i  long  and  4  /i  broad,  at  the 
thickest  part,  inclosed  in  a  gelatinous  envelope  which  is  coloured  a 
beautiful  bright  green  by  iodine.  The  mycelium,  which  permeates 
the  leaves,  is  colourless,  much  branched,  and  unseptated.  It  is  probably 
identical  with  Link's  Hypodermium  sulcigenum, 

Hysterographium  Fraxini  is  destructive  to  ash-trees  from  6  to 
10  feet  high.     Fawn-coloured  depressed  spots  appear  on  the  stem. 
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consisting  of  a  oolonrless  branched  myoeliom  whioli  penetrates  the 
bast  and  cambium  to  the  outermost  layer  of  wood ;  on  this  mycelium  are 
the  pycnidia,  which  burst  through  the  bark,  and  contain  the  colourless 
Btylospores,  32-38  /a  long,  and  about  11  fx  broad.  Shortly  afterwards 
the  perithecia  appear  on  the  same  spots. 

Nectria  dttissima  causes  injury  in  oak  and  beech  plantations  from 
fifteen  to  twenty  years  old,  and  on  apple-trees  in  gardens.  Phyto^ 
phthora  FcLgi  has  made  its  appearance  on  beech-trees.  Fuiidadium 
ramtilorum  has  appeared  on  the  young  shoots  of  several  species  of 
willow  and  poplar,  turning  the  leaves  brown  or  black.  The  black 
spots  on  the  leaves  and  branches  are  covered  with  an  olive-green 
coating,  which  forms  dendriform  fissures,  resembling  those  of  F. 
dendriticum.  The  conidia  are  bright  greenish  yellow,  bilocular,  and 
of  a  peculiar  form  like  that  of  the  solo  of  a  shoe,  18-20  fi  long  and 
6-7  ft  broad. 

Puocinia  graminis  on  Mahonia  Aquifolinm.* — C.  B.  Plowright 
has  determined  that  an  SBcidium  found  on  the  berries  of  Mahonia 
Aqnifolium  gives  rise,  when  the  spores  are  sown  on  the  leaves  of 
wheat,  to  Puccinia  graminis.  This  will  account  for  the  frequency  of 
the  wheat  mildew  in  districts  where  the  berberry  is  unknown ;  the 
Mahonia  being  widely  cultivated  in  gardens  and  shrubberies,  and  as 
a  cover  for  game.  The  same  writer  f  has  also  determined  the  dock 
SBcidium,  which  is  common  on  Bumex  Hydrolapathum^  ohtusifoliua, 
crispuSf  and  eonglomeraius^  to  be  the  fecidiospore  of  Puccinia  Phra^miiis, 
On  the  other  hand,  the  ascidium  of  Bumex  acetosa  is  not  connected 
with  either  Puccinia  Phragmitia  or  magnusiana, 

Polystigma  nibrnm.t — W.  B.  Grove  gives  some  account  of  Polif^ 
stigma  rubrum,  Pers.,  based  upon  the  recent  investigations  of  A.  B. 
Frank  §  and  C.  Eisch||.  It  usually  makes  its  appearance  shortly  before 
midsummer  on  the  leaves  of  Prunus  domestica^  P,  8pino$a,  and  P. 
insititia.  Its  whole  life-history  is  probably  now  known  as  Mr.  Qtoyb 
shows.  The  only  point  left  in  doubt  is  the  mode  by  which  the 
ascospores  are  conveyed  from  the  ground  to  the  young  plum  leaves. 

New  8ynchytrium.ir — Under  the  name  Synchytrium  pilificum^  F. 
Thomas  describes  a  new  species  parasitic  on  Potentilla  Tormentilla. 
It  produces  tufts  of  hairs  on  the  stems,  flower-stalks,  leaves,  sepals, 
and  petals  of  the  host,  most  frequently  on  the  upper  side  of  the  leaves. 
They  proceed  from  a  wart,  0*36-0*39  mm.  in  diameter,  and  rising 
0*11-0*27  mm.  above  the  surface  of  the  leaf;  their  number  being 
usually  between  20  and  35.  The  base  of  the  wart  is  of  a  yellowish 
green  or  reddish  violet  colour.  They  do  not  seem  to  be  very  inju- 
rious, as,  even  when  the  petals  are  attacked,  the  flowers  produce 
normal  fruits.    In  the  centre  of  each  wart  is  a  large  brown  cell,  the 

♦  Proo.  Roy.  Soo.,  xxxvi.  (1883)  pp.  1-3. 

t  Ibid.,  pp.  47-50. 

t  Qaart  Joum.  Micr.  8cL,  xxiv.  (1884)  pp.  328-34. 

§  Bee  this  Journal,  iii.  (1883)  p.  ('»85. 

II  Ibid.,  p.  247. 

i  Bcr.  Dcutttch.  Bot.  Gcaell.,  i.  (1883)  pp.  494-8. 
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resting-flpore  of  the  SynchytriuMj  indofled  in  and  entirely  filling  up 
the  nutrient  cell.  It  is  of  a  shortly  elliptical  or  spheroidal  shape, 
from  0*14-0*126  mm.  in  its  largest  diameter,  ai^  inclosed  in  a 
double  wall.  These  develope  and  form  swarm-spores  in  the  sjHing  in 
the  same  way  as  other  species  of  Synehytrium ;  bnt  farther  details  are 
wanted.  The  trichomes  of  the  »oidimn  are  unicellular  and  thin- 
walled,  and  when  old  coil  hygroscopically. 

Pathogenous  Mucorini,  and  the  Mycosu  of  Babbits  produced 
by  them.* — L.  Lichtheim  has  found  two  species  of  Mucormi  which 
cause  pathogenous  phenomena  when  introduced  into  the  blood  of 
rabbits.  One  of  these  made  its  appearance  normally  in  white  bread 
when  placed  in  the  breeding  oven,  in  the  form  of  a  dense  white  silky 
flock,  soon  entirely  covered  by  Aspergillus,  This  was  propagated 
separately  on  strips  of  nutrient  gelatine  spread  on  glass  plates.  If 
the  temperature  of  the  chamber  vna  not  too  high,  the  spores  swelled 
up  on  the  third  day  and  put  out  a  germinating  filament  on  one  side ; 
on  the  third  or  fourth  day  these  had  grown  into  a  copiously  branched 
unsoptated  mycelium,  which  graduaJly  completely  overspread  the 
nutrient  substance.  On  the  third  or  fourth  day  aerial  brandies 
appeared,  the  formation  of  sporangia  commencing  very  soon  at  their 
apex,  the  other  portion  turning  back  after  the  manner  of  the  stolons 
of  Mucor  stolonifer.  The  sporangiophores  are  usually  simple,  rarely 
dichotomously  branched ;  opposite  to  them  rhizoids  are  formed ;  the 
sporangia  are  black,  smoo&,  and  globular.  The  spores  are  nearly 
globular,  strongly  refractive,  and  inclosed  in  a  single  membrane. 

The  second  species  was  less  common,  and  is  distinguished  from 
all  known  Mucorini  by  its  very  small  size.  It  appeared  in  a  gelatine- 
culture  of  infusion  of  bread,  and  was  propagated  in  the  same  way 
as  the  first.  The  mycelium  is  loose  and  crinkled;  the  sporangia 
extremely  small  and  colourless.  It  spread  very  slowly  over  the 
nutrient  substance,  forming  only  distant  streaks.  From  the  delicate 
unsoptated  mycelium  there  rise  long  slender  sporangiophores,  on 
which  are  placed  six  or  eight  very  small  almost  transparent  sporangia. 
The  sporangia  are  seated  in  a  small  cup-shaped  swelling  of  the 
sporangiophore,  and  have  somewhat  the  form  of  a  pear.  The  spores 
are  nearly  globular,  and  strongly  refractive. 

In  neither  species  were  zygospores  observed.  Professor  Gohn 
has  named  and  described  them  as  follows : — 

Mucor  rhizopodoformis, — Mycelium  at  first  snow-white ;  filaments 
colourless,  unsoptated ;  brownish  branches  of  the  mycelium  ascend  as 
stolons,  then  bend,  and  sink  down  again  on  to  the  substratum ;  at  the 
points  of  contact  the  mycelium  puts  out  downwards  short-branched 
brownish  rhizoids,  sporangiophores  upwards.  Sporangiophores  simple, 
collected  into  tufts  of  two  or  more,  unbranched,  120-125/1  high. 
Sporangia  globular,  seated  on  the  apex  of  the  sporangiophore,  black 
when  ripe,  with  smooth  opaque  membrane,  which  is  soluble  in  water, 
without  leaving  behind  any  granular  deposit ;  diameter  66  /a.     Column 

♦  Zeittjchr.  f.  Klin.  Medicin,  vii.  (1883)  (3  pis.)-  Sc©  Bot.  Ccntralbl.,  xvli. 
(1884)  p.  138. 
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brownish  after  the  absorption  of  the  wall  of  the  sporangium,  wall 
swollen  at  the  snmmit ;  sporangiophore  separated  from  the  oolomn  bj 
a  flat  broad  apophysis.  Spores  colourless,  mostly  globular,  smooth, 
very  minute,  5-6  fi  in  diameter.  Several  chi^acters,  besides  its 
pathogenous  properties,  distinguish  this  species  from  If.  $tolonifer. 

Mucor  coryniW/'er.— Mycelium  snow-white,  afterwards  light  grey ; 
filaments  often  very  stoat,  15  /i  in  diameter,  unseptated,  dichotomoudy 
branched;  membrane  and  protoplasm  colourless.  Sporangiophores 
not  erect,  branched  in  an  umbellate  manner,  bearing  at  the  apex  one 
or  more  (up  to  twelve)  sporangia  with  longer  or  shorter  stalks ;  other 
smaller  sporangia  being  arranged  in  a  raceme  below  the  terminal 
umbel.  Sporangia  colourless  even  when  ripe,  pear-shaped,  rounded 
at  the  end,  passing  gradually  into  the  sporangiophore,  varying  greatly 
in  size,  the  largest  70  fi^  tibe  next  in  the  umbel  45-60  /x,  and  the 
smallest  detached  sporangia  10-20  fx  in  diameter ;  membrane  colour- 
less, transparent,  quite  smooth;  the  colourless  mass  of  spores  seen 
through  the  wall  of  the  ripe  sporangium ;  the  column  appears  only 
after  the  absorption  of  the  wall  of  the  sporangium  and  dispersion  of 
the  spores.  Spores  colourless,  minute,  elliptical,  3  /a  long  by  2  /x 
broad.  This  species  is  also  distinguished  by  several  very  striking 
characters  independent  of  its  pathogenous  properties. 

If  the  spores  of  these  two  species  of  Mucor  are  sown  in  any 
quantity  in  the  blood  of  rabbits,  a  severe  disease  is  caused,  which  is 
always  fatal.  The  two  species  act  in  very  nearly  the  same  way,  but 
the  Mucor  mycosis  differs  considerably  from  that  of  AspergiUut,  The 
localization  is  also  different ;  the  Mucor  entered  chiefly  the  kidneys 
and  the  lymphatic  apparatus  of  the  intestinal  canal,  seldom  the 
medulla  of  the  bones,  and  only  very  rarely  the  liver ;  never  the  trans- 
verse muscles.  In  the  brain  neither  Mueor  nor  AspergiUua  was 
found. 

Micrococci  of  Pneumonia.* — 0.  Friedlander  has  examined  the 
micrococci  contained  in  the  alveolar  exudation,  and  in  the  fluid  of 
the  lymph  passages  of  the  lungs,  in  cases  of  acute  genuine  pneumonia. 
Their  presence  was  subsequently  determined  in  the  pneumonial  fluid 
taken  from  the  living  patient.  They  were  found  in  the  greatest 
numbers  in  the  pleuritic  and  pericardial  exudations,  the  turbidity  of 
these  fluids  often  arising  from  enormous  quantities  of  the  micrococci. 
All  or  the  greater  number  of  these  micrococci  are  surrounded  by  a 
more  or  less  broad  layer  resembling  an  envelope  or  capsule,  coloured 
light  blue  or  red  by  gentian-violet  or  fnchsin  respectively,  and 
usually  sharply  defined  externally.  Sometimes  each  micrococcus  is 
surrounded  by  an  envelope  of  this  kind  of  the  same  shape  ;  sometimes 
two  or  three  are  inclosed  in  the  same  envelope ;  but  the  micrococci 
of  pneumonia  ara  never  collected  into  zooglosa  colonies.  These 
envelopes  are  soluble  in  water  and  dilute  alkalies,  but  insoluble  in 
acids,  and  may  therefore  consist  essentially  of  mucin  or  some  similar 
substance. 

*  Fortschr.  d.  Medicin,  i.  (1883)  pp.  715-33  (1  pi.)-  See  Bot.  Gentralbl, xvii 
(1884)  p.  50. 
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The  microcooci  are  best  detected  by  placing  the  corer-glaas  with 
the  dried-np  fluid,  coloured  by  aniline-water  and  gentian-violet  soln- 
tion,  in  a  watch-glass  with  alcohol  for  half  a  minute,  when  the  matrix 
rapidly  loses  its  colour,  the  envelopes  and  microcooci  much  more 
slowly.  The  preparation  may  then  be  placed  in  a  watch-glass  with 
distilled  water,  examined  in  water,  aud  afterwards  preserved  in 
Canada  balsam  or  dammar  lac.  The  envelopes  are  also  coloured  by 
eosin,  especially  by  a  weak  solution  acting  for  twenty-four  hours; 
osmic  acid  dififorentiates  them  sharply,  but  without  blackening  them. 
These  envelopes  appear  to  be  a  highly  characteristic  peculiarity  of 
the  micrococci  of  pneumonia,  never  failing  in  acute  genuine  cases. 
They  probably  belong  to  the  acme  of  that  disease,  not  being  found 
after  the  sixth  day. 

If  developed  by  Koch's  process  on  serum  of  blood  and  afterwards 
on  gelatine,  with  addition  of  infusion  of  flesh,  peptone,  and  sodium 
chloride,  the  micrococci  have  on  serum  of  blood  the  form  of  a  greyish 
pellicle  on  the  surface,  and  an  opaque  cylinder  in  the  interior  of  the 
serum.  The  cultures  on  gelatine  were  especially  characteristic,  and 
were  propagated  for  eight  generations.  They  resembled  a  nail  with 
hemi8pherical  head,  and  consisted  of  densely  crowded  micrococci, 
usually  of  elliptical  form,  but  with  no  envelope.  They  were  also 
cultivated  on  potato. 

Experiments  were  also  made  in  inoculating  the  pneumonia-micro- 
cocci  in  animals,  by  injection  into  the  right  lung.  With  rabbits  no 
success  was  obtained ;  while  mice  always  died  in  from  18  to  28  hours. 
In  the  cavities  of  the  pleura,  partly  in  the  fluid,  partly  in  the  lymphoid 
cells,  were  masses  of  micrococci,  with  all  the  characters  of  those  of 
pneumonia,  including  the  envelope.  They  were  also  found  in  the 
lungs  and  blood.  With  dogs  and  porpoises  no  result  was  obtained 
in  some  cases,  while  others  were  successful.  Experiments  were  also 
made  with  mice  by  inhaling ;  when  some  only  were  infected. 

The  size  of  the  micrococci  aud  development  of  the  envelopes  diflfer 
considerably  with  men  and  other  animals.  Those  of  mice  were,  on  the 
average,  larger  than  those  of  man ;  those  of  porpoises  were  smaller, 
but  with  broader  envelopes ;  those  of  dogs  were  scarcely  larger  than 
those  of  man,  and  the  envelope  comparatively  narrow.  The  mode  of 
preparation  also  has  an  influence  on  the  size  of  the  micrococci. 

Bacteria  of  the  Cattle  Distemper.* — The  bacterium  of  the  cattle- 
distemper  has  been  hitherto  known  almost  exclusively  in  the  bacillus 
condition,  not  making  its  appearance  in  the  blood  till  some  ten  hours 
before  the  death  of  the  animal.  F.  Roloff  has  examined  the  blood  in 
the  early  stages  of  the  disease,  and  also  those  organs,  especially  the 
spleen  and  the  lymphatic  glands,  in  which  the  bacilli  are  first  seen. 
In  all  these  he  found  a  large  number  of  small  round  shining  bodies 
or  micrococci.  The  infection  of  other  animals  with  blood  containing 
these  cocci,  produced  in  them  the  ordinary  distemper  with  its  bacilli, 
showing  that  the  two  are  stages  of  development  of  the  same  organism. 

•  Arch.  Wiss.  u.  Prakt.  Tbierhoilkunde,  ix.  (1883).  Bee  Bot.  Centralbl.,  xvii 
(1884)  p.  112. 
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Passage  of  Charbon-baoteria  into  the  milk  of  animals  infected 
with  Charbon.* — Chambrelent  and  A.  Monssons  have  made  the  fol- 
lowing experiments  to  determine  whether  the  milk  of  a  female  in 
lactation  affected  with  charbon  contains  the  microbimn  of  the  infec- 
tion. A  cobaye,  which  had  up  to  that  time  suckled  its  jonng,  was 
inoculated  with  the  charbon- virus.  It  died  the  next  day,  and  a  drop 
of  blood  taken  from  the  yentrides  of  the  heart  was  found  to  contain 
an  immense  quantity  of  bacteria.  A  drop  of  milk  was  taken  from  the 
mamillary  gland  by  means  of  a  sterilized  tube,  and  placed  in  a 
Pasteur's  '* ballon"  containing  infusion  of  beef.  At  this  time  the 
milk  presented  a  perfectly  normal  appearance,  and  showed  no  evidence 
of  bacteria,  although  there  were  abundance  in  the  blood.  Four 
'*  ballons "  treated  in  this  way  were  left  in  the  stove  for  two  days ; 
two  were  then  quite  limpid,  one  appeared  to  contain  impurities ; 
the  fourth  presented  some  flocci,  and  gave  the  appearance  of  a  charbo- 
nized  culture.  It  contained  bacteria  and  interwoven  filaments,  but 
only  in  small  numbers.  A  young  cobaye  was  inoculated  with  this 
culture  by  means  of  a  sterilized  tube.  It  died  in  two  days  and  its 
blood  was  found  to  contain  bacteria.  The  rest  of  the  culture,  left  in 
the  stove,  had  in  four  days  more  assumed  completely  the  characteristic 
appearance  of  charbon-cultures.  A  cobaye  inocidated  with  it  died 
the  next  day. 

In  a  second  experiment  the  milk  was  removed  before  the  death  of 
the  animal.  A  young  cobaye  in  lactation  was  inoculated  with  charbon- 
viras ;  the  next  day  it  was  still  alive.  Milk  was  removed  from  it  in  the 
same  way  as  before  ;  four  Pasteur's  "  ballons  "  were  inoculated  with  it 
and  placKBd  in  a  stove.  After  four  days  one  remained  quite  limpid;  two 
had  assumed  the  characteristic  appearance  of  charbon-cultures ;  the 
fourth  appeared  to  contain  some  foreign  ferment.  The  two  char- 
bonized  cultures  contained  great  quantities  of  the  characteristic 
filaments.  Two  cobayes  inoculated  with  the  fluid  died  the  next  day, 
presenting  the  characteristic  lesions  of  charbon. 

In  a  third  experiment  a  large  rabbit  in  lactation  was  inoculated 
with  the  same  virus,  which  did  not  kill  ii  The  milk  of  this  rabbit 
displayed  no  bacteria,  and  the  blood  only  a  very  few.  Inoculation 
with  the  milk  produced  no  signs  of  charbon-bacteria,  and  only  one 
out  of  two  with  the  blood. 

The  experiments  show  conclusively  that  bacteria  are  found  in  the 
milk  of  animals  infected  with  charbon  while  they  are  still  alive ;  but 
their  number  is  enormously  smaller  than  in  the  blood. 

Comparative  Poisonous  Action  of  Metals  on  Bacteria.!^  C. 
Bichet  has  experimented  on  this  subject,  and  gives  a  table  of  his 
results.  The  liquid  was  sea-water,  neutndized  urine,  and  commercial 
peptone,  and  the  particular  metal  was  added  in  gradually  increasing 
quantity,  in  the  form  of  chloride,  until  no  bacteria  were  developed 
after  forty-eight  hours  at  16°-20°  C. 

•  Comptes  Rendufl,  xcvii.  (1883)  pp.  1142-5. 

t  Ibid.,  pp.  1004-6.    Sec  Journ.  Chom.  Soc.— Abstr.,  xlvi.  (1884)  pp.  351-2. 
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The  amount  of  each  metal  which  will  kill  fish  is  ahrmjs  mneh  less 
than  that  required  to  present  the  deyelopment  of  haeteria.  The 
marked  poieonona  action  of  ammoniam,  lithium,  and  potaasiam  on  fish 
and  all  animalw  is  in  etriking  contrast  to  the  slight  effect  which  these 
metals  exert  on  plants  and  bacteria.  Poisons  may  be  divided  into  two 
classes,  yiz.  general  poiscms,  of  which  mercnrj  is  the  most  potent, 
which  eren  in  small  qoantities  haye  a  deleterioos  action  on  both  plants 
and  animals ;  and  special  poisons,  snch  as  potassimn  and  amnKmiom 
salts,  and  the  alkaloids,  wluch  are  injorioos  only  to  animals,  and  exert 
little  or  no  poisonous  action  on  plants.  The  difference  is  probably 
dne  to  the  fact  that  poisons  of  the  seccmd  class  act  <mly  on  nenre-oellsy 
whereas  those  of  the  first  class  act  on  all  cells.  Possibly  the  action 
of  ammoDiom  and  potassium  salts  may  serre  to  distingiush  between 
plants  and  aniTnals  in  the  lower  forms  of  life. 

Micro-organisms  in  Soils.* — From  examinations  of  a  large  nmnber 
of  samples,  B.  Koch  found  that  the  superficial  layers  of  soil  were  Tery 
rich  in  germs  of  bacteria,  particularly  in  bacilli.  Microoooci  were 
only  found  in  places  which  had  not  been  cleansed  from  decaying 
matter  ;  the  latter  perished  on  heating  the  samples,  but  the  bacilli  did 
not,  being  mostly  in  the  condition  of  spores,  and  it  appears  probable 
that  they  are  introduced  by  means  of  manures  and  hous^old  oflfeL 

The  quantity  of  micro-organisms  diminishes  very  rapidly  with 
increase  of  depth,  so  that  at  the  distance  of  one  metre  from  the  surface 
the  earth  is  very  free  from  them.  P.  Miquel  attempts  to  estimate  the 
number  present  in  one  gr.  of  soil,  taken  from  a  depth  of  0*20  metre 
from  the  surface,  and  found  in  three  samples :  from  Montsouris, 
700,000  organisms;  Gennevilliers,  manured  with  liquid  sewage, 
870,000  ;  Gennevilliers  not  so  treated,  900,000. 

The  office  of  these  minute  organisms  appears  to  be  of  great 
importance  in  the  transformation  of  substances  to  forms  suitable  far 
plant-food. 

Bacteria  and  Microscopical  Algte  on  the  Surfruse  of  Coins  in 
Currency. — Prof.  P.  F.  Reinsch  writes  us  as  follows : — **  Accidentally 
induced  to  examine  microscopically  the  surface  of  a  small  silver  coin, 
I  made  the  observation  of  the  presence  of  numerous  Bacteria  and 
microscopic  unicellular  algto  living  in  the  incrustations  and  sediments 
which  have  been  produced  through  constant  use.  I  examined  coins 
of  various  nations  and  of  various  value,  and  found  my  first  observa- 
tion perfectly  confirmed.  All  silver  and  copper  coins,  several  years 
in  currency,  show  this  curious  vegetation  of  organisms  of  the  lowest 
rank.     It  is  observed  best  on  coins  twenty  to  thirty  years  old. 

To  observe  this  life,  a  small  quantity  of  the  sediment  adhering  to 
the  prominences  and  in  the  cavities  of  the  surface  of  the  coin  is 
scratched  off  with  the  top  of  a  knife  and  put  in  a  drop  of  distilled 
water  on  a  slide,  spread  out  in  the  water  and  immediately  covered 
with  a  cover- glass. 

Between  the  agglomerations  of  larger  and  smaller  granules,  scarcely 
dispersed  fragments  of  fibres,  and  especially  numerous  granules  of  starch 

♦  Biod.  Ccntr.,  1883,  pp.  581-2.    Cf.  Journ.  Chem.  Soc.— Abatr.,  xlvi.  (1884) 
p.  486. 
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(in  the  most  cases  granules  of  wheat),  are  observed.  In  a  short  time 
namerous  mobile  minute  bodies  are  seen,  the  mobility  of  which  seems 
at  first  to  bo  the  well-known  molecular  motion,  but  is  soon  turned  into 
the  most  active  bacteroid  motion.  Bj  using  a  higher  power  (500  diam.) 
we  observe  in  the  agglomeration  various  forms  of  bacteroid  life,  very 
well  recognizable  botii  by  their  constant  relations  of  size  and  shape, 
and  by  the  mode  of  motion  peculiar  to  the  various  bacteroid  types. 
There  are  rod-shaped  Bacteria  with  oscillating  and  spiral  motion,  and 
globular  bacteria  with  the  peculiar  rocking-oscillating  motion.  Some- 
times all  these  forms  of  bacteroid  life  are  found  on  one  and  the  same 
coin ;  in  most  cases  there  are  found  on  one  coin  more  especially 
globular  Bacteria,  on  another  coin  more  rod-shaped  Bacteria,  The 
globular  forms  make  up  in  the  case  of  all  coins  the  principal  con- 
stituent of  bacteroid  life  in  the  incrustation.  Spirillum  is  not  found 
very  often,  but  by  searching  after  it,  and  dispersing  the  substance  under 
the  cover-glass  it  is  sure  to  be  found  in  a  great  many  cases.  Of 
Bacillus,  four  to  six  divided  rods  of  0  *  0055-0 '  0074  mm.  in  length  are 
found  on  all  silver,  copper,  and  bronze  coins.  The  automobile  motion 
of  the  bacteroid  bodies,  lasting  for  many  hours,  is  instantly  stopped 
with  one  drop  of  a  solution  of  iodine  or  of  concentrated  glycerine 
placed  on  the  margin  of  the  cover. 

Of  the  unicellular  algsB  in  the  incrustations  of  nearly  all  the  coins 
hitherto  examined,  I  have  distinguished  till  now  two  very  distinct 
and  constant  types,  the  characteristics  of  which  are  so  clear  and 
constant,  that  tiiey  can  be  identified  with  known  types  of  algsd  and 
classified  in  the  system  of  algSB.  There  is  one  most  minute  Chroococctu 
and  one  unicellular  alga  which  I  think  very  nearly  allied  to  the 
PalmellacesB.  The  slightly  tinctured  cells  of  this  ChroococeuB  of 
0  *  00925  mm.  diam.,  form  minute  globular  bodies,  composed  of  4,  8,  to 
12  cellules.  These  globular  bodies  are  clustered  together,  forming 
minute  irregular  masses,  0*02  mm.  diam.  The  Palmellaoeous  alga 
has  many  times  larger,  thick-walled  cells  ;  the  contents  of  which  are 
mostly  intensely  tinctured.  The  cells  are  found  in  all  states  of 
division  from  two  to  more.  Of  the  Palmellaceie  Pleuroeoccus  is  the 
type,  coming  the  nearest  to  this  new  alga.  The  cells  in  the  undivided 
state  are  found  0  *  009-0  *  01  mm.  diam.  The  thickness  of  the  wall 
of  the  cells  is  equal  nearly  to  1/10  the  transverse  diameter  of  the 
cells.  The  cells  in  their  many-divided  state  do  not  exhibit  the  same 
regular  and  symmetrical  disposition  of  the  daughter-cells  as  the 
typical  Pleurococcua  (P.  vulgaris). 

In  addition  to  these  organisms  there  are  found  in  the  incrustations 
of  the  coins  (besides  undeveloped  fungoid  h^hsd),  spores  of  various 
Cryptogams  of  various  size  and  shape,  belonging  to  the  Hyphomyoetes 
and  the  Coniomycotcs. 

It  may  be  concluded  from  the  constancy  of  the  characteristics  and 
of  the  occurrence  of  these  two  unicellular  organisms,  that  their 
occurrence  is  a  spontaneous  one,  just  as  is  the  case  with  a  large 
number  of  these  organisms  of  the  lowest  state,  concerning  both  living 
and  dead  matter ;  in  other  words  that  these  organisms  have  to  be 
considered  not  as  accidentally  adherent  substances  but  as  organisms, 
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which  liave  their  continual  origin  and  seat  in  the  uiomstationB  oi 
coins  in  currency.  Tho  discovery  of  the  presence  of  these  orgmnic 
bodies  (which,  according  to  modem  experiences,  are  geneimllj  re- 
cognized as  important  factors  in  the  spread  of  epidemics)  on  objects 
so  dispersed  as  coins,  adds  a  new  consideration  in  hygienic  science. 
It  seems  also  very  probable  that  to  the  vital  activity  of  these 
unicellular  organisms,  a  share  is  due  of  the  erosive  prooees,  per- 
petually going  on  on  the  surface  of  coins  in  currency. 

The  means  for  obviating  the  obnoxious  influence  of  the  organisms 
would  simply  consist  in  boiling  the  coins  after  a  series  of  years  of 
circulation,  in  a  solution  of  caustic  potash,  and  then  cleaning  the 
surface  thoroughly  from  the  incrustation." 

The  following  is  a  description  of  the  two  new  species  :* — 

Chroococcus  monetarum,  CeUs  minute,  subglobose,  angular,  from 
4  to  8  cells  enveloped  in  a  common  mucilage  and  associated  in  small 
subglobose  families.  Diam.  of  cells  0*  925  /a  ;  diam.  of  fiemiilies  0*46- 
0-66  fjL. 

Pleurococcus  monetarum.  Cells  globose,  with  thick  membrane,  sab- 
torulose  (elevations  1/10  diam.  of  cell),  undivided  ;  from  2  to  8  cells 
associattd  in  globose  families ;  cell-contents  brightly  coloured.  Diam. 
of  cells  0-0074-0-011  mm. ;  diam.  of  families  0-011-0 -0129  mm. 

Eabies.f — L.  Pasteur,  with  tho  assistance  of  MM.  Chambrelent 
and  Roux,  has  another  communication  on  rabies.  Inoculation  has 
been  effected  either  by  applying  tho  poison  of  rabies  direct  to  the 
surface  of  tho  brain,  or  by  injection  into  the  blood.  The  former 
would  appear  to  be  a  long  and  difficult  operation,  but  we  are  assured 
that  it  may  be  well  completed  in  twenty  minutes,  starting  from  the 
moment  in  which  the  animal  was  being  subjected  to  chloroform. 

Pasteur  has  already  shown  that  the  inoculation  of  the  virus  into 
tho  blood  is  most  often  accompanied  by  paralytic  seizures  without 
fury  or  barking,  and  that  the  first  part  to  be  affected  is  the  spinal  cord  ; 
and  he  has  also  already  proved  that  the  poison  is  to  be  found  in  the 
brain  and  spinal  cord.    He  has  since  experimented  with  nerves  and 
salivary  glands,  and  he  has  been  able  to  get  poison  effects  with  portions 
of  the  pneumogastric  and  sciatic  nerves,  as  well  as  with  the  maxillary, 
parotid,  and  sublingual  glands.   It  follows  then  that  the  whole  of  the 
nervous  system  is  able  to  cultivato  the  rabic  poison,  and  we  find  in 
this  fact  an  explanation  of  the  high  degree  of  nervous  excitement  which 
is  so  often  a  characteristic  of  rabies.   Poison  placed  in  carefully  sealed 
tubes  is  virulent  after  three  weeks  or  a  month,  even  when  exposed  to 
a  summer  temperature.     The  fluid  of  the  central  nervous  system  is 
sometimes,  though  not  constantly  poisonous :  when  limpid  it  is  so, 
but  not  when  distinctly  opalescent.     Cultivation  experiments  of  the 
virus  have  not  as  yet  been  successful,  but  Pasteur  is  always  able  to 
distinguish  the  brain  of  a  healthy  from  that  of  a  rabid  animal.    Both, 
under  the  Microscope,  exhibit   an   immense   number   of  molecular 
granulations,  but  in  tho  rabid  brain  they  are  finer  and  more  numerous. 

♦  Flora.  Ixvii.  (1884)  pp.  173-6. 

t  Comptes  Rendus,  xcviii.  (1884)  pp.  467-6.S. 
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He  is  inclined,  therefore,  to  think  that  the  microbe  of  rabies  is 
infinitely  small,  a  mere  dot  in  shape,  and  not  like  a  bacillus  or  a 
dumbbell-shaped  micrococcus. 

The  only  method  known  at  present  by  which  these  granulations 
may  be  isolated  from  the  other  and  nervous  elements  is  the  following : 
— Virus  taken  from  the  brain  of  an  animal  that  has  died  of  rabies  is 
injected  into  the  veins  of  a  rabid  animal  at  the  moment  when  asphyxia 
commences.  In  a  short  time  the  normal  nervous  elements  disappear 
from  the  blood  in  which  only  the  just-mentioned  minute  granulations 
are  now  to  be  found.  These  may  be  stained  by  anilin  dyes,  but  as  the 
author  is  careful  to  point  out,  it  is  not  yet  definitely  proved  that  these 
granulations  are  the  microbes  of  rabies. 

It  has  been  found  that  while  the  trepanation- experiments  are 
succeeded  by  desire  to  bite  and  '*  rabid  barking  " — furious  rabies — 
injection  experiments  produce  only  paralytic  rabies.  If,  however, 
exceedingly  minute  quantities  of  virus  are  injected,  furious  rabies 
ensues.  On  the  other  hand  these  minute  quantities  extend  the  period 
of  incubation,  and  if  the  poison  is  diluted  beyond  a  certain  extent  the 
inoculation  has  no  effect.  But  these  minute  and  inoffensive  doses  do 
not  give  protection  against  the  effect  of  larger  doses. 

In  rare  cases  the  effects  of  the  poison  disappear  to  reappear  with 
mortal  result  after  some  days.  Entirely  negative  results  have  been 
obtained  in  reference  to  the  pretended  diminution  of  the  poison 
by  the  influence  of  cold  and  by  its  passage  from  the  mother  to  the 
foetus. 

Especial  attention  has  been  given  to  the  very  important  question 
of  the  alteration  of  the  character  of  the  virus,  and  it  has  been  found 
that  the  passage  of  the  rabic  virus  through  several  species  does  more 
or  less  profoundly  modify  its  virulence.  Pasteur  and  his  assistants 
now  possess  a  virus  which  gives  rabies  to  the  rabbit  in  seven  or  eight 
days,  and  that  with  remarkable  constancy ;  another  virus  has  a  similar 
effect  on  guinea-pigs. 

Pasteur  has  already  made  known  the  curious  fact  that  he  has  in 
his  laboratory  some  dogs  that  are  refractory  to  the  virus  of  rabies,  but 
he  has  not  till  now  been  able  to  say  whether  that  was  due  to  their 
natural  constitution  or  not.  He  now  finds  that  it  is  not  so,  but  that 
he  can  by  a  system  of  inoculations  of  different  kinds,  make  any  num- 
ber of  dogs  refractory ;  indeed  he  has  now  twenty-three.  For  the 
present  he  confines  himself  to  this  statement,  but  it  is  clearly  one  of 
great  importance,  as  man  only  becomes  rabid  directly  or  indirectly 
from  the  bite  of  a  dog.  He  concludes :  *'  Could  not  human  medicine 
profit  by  the  long  duration  of  the  period  of  incubation  to  try  and  estab- 
lish in  this  interval  of  time,  before  the  appearance  of  the  first  symptoms 
of  rabies,  the  refractory  condition  of  subjects  that  have  been  bitten  ? 
Much,  however,  remains  to  be  done  before  this  hope  can  be  realized." 

Yeast-ferments.* — Continuing  his  researches  on  the  ferment  of 
beer,  E.  C.  Hansen  observes  that  there  are  in  nature  a  large  number 

*  AUg.  Zeitschr.   f.  Bierbreuerel  a.  Malz&brikat,  1883,  p.  871.    See  Bot 
Gentnlbl.,  xvii.  (1884)  p.  169.    Of.  this  Journal,  iii.  (1883)  p.  252. 
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of  fangi  belonging  to  the  most  distinct  groope  which  are  capable  of 
developing  saccharomyoes-like  cells,  by  budding  in  nutrient  solutions ; 
but  differing  from  that  genus  in  not  forming  endogenous  spores.  Some 
of  these  fungi  induce  alcoholic  fermentation,  behaving  in  this  respect 
like  Saccharomycet  eerevisicB, 

The  author  has  made  a  careful  examination  of  one  of  these  un- 
known species.  It  propagates  itself  in  beer-wort  by  budding,  causing 
the  higher  fermentation,  and  showing  in  this  respect  a  close  relation- 
ship to  Saccharomtjcet  ellip9aideu9.  But  under  conditions  where 
S.  cerevisim  would  produce  6  vol.  per  cent,  of  alcohol,  it  produces 
scarcely  1  *  5  per  cent  It  also  exhibits  a  great  difference  in  its  fer- 
mentive  action,  the  chemical  soluble  ferment  or  invertin  being  entirely 
wanting,  although  it  ferments  saccharose  as  such.  This  establishes  the 
fact  frequently  controverted,  that  saccharose  can  be  directly  fermented 
without  previous  immersion. 

The  fungus  readily  produces  a  perfect  mycelium.  Although  its 
cells,  when  cultivated  in  beer-wort,  altogether  resemble  typical 
S,  ellipsoideus  or  ceremsicB,  they  do  not  produce  endogenous  spores. 

Action  of  Cold  on  Microbes.* — R.  Fictet  and  E.  Tung  find  that 
various  organisms,  such  as  bacilli,  when  subjected  to  a  temperature  of 
IQP  G.  for  108  hours,  and  to  ISO""  for  20  hours,  are  not  destroyed; 
others,  such  as  Tonda  and  the  vaccine  microbe,  lost  their  power  of 
producing  fermentation. 

Alg89. 

Fertilization  of  Cutleria.! — £.  de  Janczewski  has  paid  special 
attention  to  the  development  and  mode  of  fertilization  of  Outleria 
adspersa,  growing  at  Antibes. 

This  species  is  strictly  diodcious;  but  the  male  and  female 
plants  are  often  so  intimately  united  at  their  base  that  it  is  prac- 
tically impossible  to  separate  them.  They  can  only  be  distinguished 
by  the  different  colours  of  their  sori,  orange  in  the  male,  very  dark 
brown  in  the  female  plants.  Each  mature  sporangium  consists  usually 
of  16  or  sometimes  of  32  cells,  from  each  of  which  escapes  a  motile 
oosphere.  This  usually  takes  place  early  in  the  morning.  The 
normal  number  of  antherozoids  produced  in  an  antheridium  is  128. 
The  emission  of  antherozoids  occurs  at  the  same  time  as  that  of 
the  oospheres ;  their  period  of  motility  does  not  exceed  12  houra  at 
the  outside.  Their  form  and  structure  are  precisely  that  of  the 
Fucacesd.  Each  of  them  has  two  vibratile  cilia,  and  a  bright  orange 
granule.  The  motile  oospheres  bear  a  close  resemblance  to  the 
zoospores  of  the  FhsdosporesB,  except  that  they  are  considerably 
larger.  The  whole  of  the  oosphere  is  of  a  brown  colour,  except  the 
anterior  portion  which  constitutes  a  colourless  beak.  This  beak 
bears  at  one  side  a  slight  swelling,  to  which  are  attached  two  vibra- 
tile cilia.  The  colourless  protoplasm  of  the  oosphere  contains  a 
number  of  brown  chromoplastids,  and  of  much  smaller,  colourless, 

♦  ComptcB  Rendus,  xcvili.  (1884)  pp.  747-9. 

t  Ann.  Sci.  Nat.  (Bot.),  xvi.  (1883)  pp.  210-26  (2  pla.). 
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highlj  refractive  globules ;  there  is  no  nucleus.  Near  the  point  of 
insertion  of  the  vibratile  cilia  is  a  single  large  orange  granule.  The 
motility  of  the  oospheres  lasts  as  long  as  that  of  the  antherozoids, 
and  is  equally  affected  by  light. 

As  long  as  the  oospheres  are  in  motion,  the  antherozoids  display 
no  affinity  for  them ;  but  as  soon  as  the  oospheres  have  lost  their 
cilia  and  come  to  rest,  the  antherozoids  are  attracted  to  them.  They 
moye  rapidly  round  them,  finally  come  in  contact  with  them,  lose 
their  cilia,  and  become  absorbed  into  their  substance.  A  single 
antherozoid  is  sufficient  to  impregnate  an  oosphere. 

The  fertilized  oosphere  contains  the  two  orange  granules  derived 
from  the  male  and  female  elements.  It  immediately  becomes  invested 
with  a  cell-wall,  and  begins  to  germinate  the  next  day,  dividing  first 
of  all  into  two  cells,  one  of  which  is  much  larger  than  the  other. 

Zoospores  which  germinate  without  fecundation,  resembling  those 
of  Zanardinia^  are  also  probably  present.  They'  are  found  in  uni- 
locular zoosporangia,  and  resemble  tiie  motile  oospheres  except  in  their 
much  smaller  size. 

CkUleria  exhibits  in  its  structure  several  important  variations 
from  the  Fucaceae.  The  antheridia  are  pluricellular  in  the  former, 
unicellular  in  the  latter.  The  oospheres  of  the  Fucacesd  are  immo- 
tile,  and  do  not  contain  any  orange  granules ;  except  in  the  latter 
point  they  resemble  the  oospheres  of  CuUeria  after  they  have  come 
to  rest. 

The  nearest  affinity  of  the  Cutleriacere  appears  to  be  with  the 
Ectocarpace®.  Ectocarpua  Lebelii  and  aecundua  possess  antheridia 
which  produce  antherozoids  precisely  resembling  those  of  the  Cut- 
leriacefld  and  of  the  FucacesB,  and  equally  incapable  of  independent 
germination.  They  also  have  plurilocular  sporangia  exactly  like  those 
of  Cutleriacefe.  The  plurilocular  sporangia  of  other  species  of  Ecto- 
earpua  and  of  the  PhsBOspore«B  generally  must  be  regaidod  as  female 
organs,  and  the  bodies  which  emerge  from  them  not  as  true  zoospores, 
but  as  motile  oospheres  homologous  to  those  of  Cutleriaceo,  which, 
in  default  of  male  organs,  germinate  without  fecundation,  offering  an 
example  of  constant  jmrthenogenesis.  The  same  is  also  probably  the 
case  in  the  pelagic  CuUeria  multifida.  The  unisporous  sporangia  of 
TUopteris,  Haphsporaj  and  Scaphospora  ai*e  evidently  homologous  with 
the  plurilocular  sporangia  of  Ectocarpua;  their  oospheres  appear, 
under  certain  conditions,  to  germinate  parthenogenetically. 

The  occurrence  of  parthenogenesis  normally  in  the  greater  number 
of  PhsBosporeaB,  and  exceptionidly  only  in  the  Cutleriacee,  must  be 
regarded  as  placing  this  fEunily  at  the  head  of  the  group. 

Endoclonium  polymorphum.* — Under  this  name  a  new  parasitic 
alga  is  described  by  M.  Franke.  It  has  been  observed  only  on 
Lemna  gibhc^^  on  which  it  occurs  in  two  forms,  one  endophytic  in  the 
air-cavities  beneath  the  stomata  on  the  upper  side  of  the  frond ;  the 
other  epiphytic,  on  all  parts  of  the  host  The  two  forms  are  con- 
nected by  an  imperfect  alternation  of  generations;   but  the  same 

♦  Cohn'8  Beitr.  Biol.  Pflunzon,  iii.  (1883)  pp.  365-76  (1  pi.). 
Ser.  2.-V0L.  IV.  2  G 
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form  may  also  repeat  itself  through  a  number  of  generations.  The 
soospores  of  the  endophytic  protoooccus-like  form  germinate  after 
coming  to  rest,  on  the  surface  of  the  Lemna^  and  give  rise  to  the 
stigeoclonium-like  epiphytic  form.  This  produces  macrozooepores, 
with  four  cilia,  which  continue  to  repeat  the  same  form,  and  micro- 
coospores,  which  sometimes,  without  conjugation,  either  enter  the 
air-cavities  beneath  the  stomata,  and  deyelope  the  endophytic  form,  or 
repeat  the  epiphytic  form  on  the  surface  of  the  host :  at  other  times 
they  conjugate,  and  the  zygozoospore  also  probably  enters  the  aiiv 
cavities  and  gives  rise  to  the  endophytic  form. 

When  cultivated  in  a  moist  atmosphere  the  cells  of  the  epiphytic 
form  increase  in  size  and  multiply  rapidly,  and,  like  the  miorozoospores 
and  macrozoospores,  may  pass  into  a  resting  condition,  their  oell-wall 
thickening,  but  without  any  formation  of  jelly.  The  apical  cells  of 
the  filaments  finally  put  out  long  apical  points  destitute  of  chloro- 
phyll. 

Both  kinds  of  zoospore  have  a  red  eyenspot,  and  are  formed  by 
repeated  bipartiiion,  with  the  exception  of  the  macrospores,  whi<^ 
are  produced  singly  in  the  sporangia.  The  macrospores  are  18  *  5  fi 
long  and  10  fi  broad,  and  provided  with  four  cilia;  the  micro- 
spores are  biciliated,  and  7  *  6  fi  long  by  3  *  6  broad.  The  endophytio 
form  produces  zoospores  of  one  ^d  only,  resembling  the  micro- 
zoospores. 

The  parasite  occurs  especially  on  the  white  dead  parts  of  the 
Lemna,  where  it  produces  dark  green  spots  visible  to  the  naked  eye. 

Gk>dlew8kia,  a  new  Oenus  of  CryptophyoefiD.'* — E.  de  Janozewiki 
has  found,  growing  on  Batr<icho9permum  in  a  ditch  near  the  botanic 
garden  of  Cracow,  a  new  species  and  geuus  of  algaa,  to  which  he  gives 
the  name  Oodlevsskia  aggregaia.  It  is  distinguieJied  at  a  glance  from 
its  host  by  its  beautiful  blue-green  colour.  Each  individual  consists 
of  a  basal  flask-shaped  cell  or  sterigma,  and  a  number  of  smaller 
globular  cells,  borne  in  a  row  at  its  apex,  conidia,  formed  by  con- 
tinued division  of  the  sterigma.  These  conidia  germinate  directly, 
but  do  not  separate  easily  from  the  parent  sterigma,  sometimes  as 
many  as  two  generations  being  found  still  attached  to  it,  each  basal 
conidium  developing  into  a  sterigma.  Oodlewskia  must  be  assigned 
to  the  family  Chamtesiphonefe  among  CryptophycesB. 

Sexuality  in  ZvgnemaceflB.t — A.  W.  Bennett  has  investigated 
the  reproduction  of  the  ZygnemacesB^  with  a  view  to  the  solution  of 
the  question  : — Is  it  of  a  sexual  character  ?  De  Bary,  twenty-five 
years  ago,  and  since  then,  Wittrock,  have  instanced  what  they  have 
thought  to  be  sexual  di£ferences  between  the  conjagating  cells,  tiiough 
most  later  writers  rather  ignore  any  essential  physiological  distinction. 
Mr.  Bennett  has  directed  his  investigations  chiefly  to  the  genera 
Spirogyra  and  Zygnema^  and  from  these  he  supports  the  inference  of 
the  above-mentioned  authors.     He  finds  there  is  an  appreciable 

•  Ann,  8oi.  Nat.  (Bot.),  xvi.  (1883)  pp.  227-30  (1  pi), 
t  Joum.  Linn.  Soc.  (Bot.),  xx.  (1884)  pp.  430-9. 
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difference  of  lengih  and  diameter  in  the  oonjngating  cells,  that 
deemed  the  female  being  the  larger.  The  protoplasmic  contents  pass 
only  in  one  direction,  and  the  change  first  commences  in  the  chloro- 
phyll-bands of  the  supposed  male  cells,  with  accompanying  contraction 
of  the  protoplasmic  contents.  The  genera  Mesocarpm,  Staurotpermum^ 
and  the  doubtful  form  CrcUerospermum,  on  the  whole  substantiate  the 
view  aboYO  enunciated  of  sexuality. 

Hoyements  of  the  OsoillariesB.* — In  addition  to  the  oscillatory 
moyements  of  the  Oscillariee,  creeping  and  rotating  movements  of 
the  protoplasm  are  also  to  be  perceived,  especially  in  those  species  where 
the  cell-wall  is  thin  and  flexible,  as  OsciUaria  tenerrima  and  CBmgineO' 
cceruUa.  These  have  been  more  closely  investigated  by  A.  Hansgirg. 
The  oscillating  motion  commences  as  soon  as  the  filament  has 
become  fixed  to  a  substratum  by  means  of  the  mucilaginous 
substance  excreted  on  the  surface  of  the  cell-walL  This  extremely 
thin  layer  of  mucilage  often  forms  a  hollow  tube  behind  the  creeping 
filament.  It  is  not  coloured  brown  by  iodine  like  protoplasm,  and 
takes  only  a  passive,  not  an  active  part  in  the  movement  of  the  fila- 
ment. The  motive  power  which  causes  the  gliding  motion  of  the 
filament  on  a  solid  substratum  resides  in  the  protoplasmic  contents 
of  the  cells,  and  is  connected  with  osmotic  currents. 

In  the  protoplasm  which  had  escaped  from  the  broken  end  of  a 
filament  of  0.  princepa,  the  author  observed  a  number  of  amoeboid  cells, 
from  9  to  12  fi  in  diameter,  nearly  spherical  in  form,  and  putting  out 
colourless  pseudopodia  about  twice  the  length  of  the  central  body, 
and  to  these  he  attributes  the  motile  power  of  the  protoplasm  of  the 
filament.  The  so-called  '* cilia"  which  proceed  from  the  terminal 
cells  of  the  filament  of  0.  cBruginea-ccBrulMy  do  not  participate  in  its 
motion  except  passively,  and  are,  according  to  the  author,  inde- 
pendent parasitic  organisms  of  the  nature  of  Leptothrix. 

In  all  the  cells  of  the  filaments  of  OscHlarta^  the  turgidity  is 
unusually  great,  and  the  dividing  septa  experience  great  differences 
of  pressure  from  variations  in  the  tension.  The  cause  of  the  oscillating 
motion  appears  to  be  that  the  protoplasm  takes  up  water  more 
rapidly,  and  consequently  swells  to  a  greater  extent,  than  the  enve- 
loping sheath  of  mucilage.  Several  species  can  retain  their  vitality 
to  an  extraordinary  extent,  and  for  a  long  time  after  losing  their  water 
and  becoming  completely  dried  up. 

A  series  of  experiments  made  with  a  variety  of  substances  led 
the  author  to  the  conclusion  that  the  movemento  of  the  Oscillariesd 
are  caused  mainly  by  the  osmotic  forces  and  forces  of  imbibition, 
which  act  on  the  protoplasmic  contents  of  the  cells,  and  not  to  any 
external  layer  of  protoplasm.  In  those  species  where  the  filamente 
are  inclosed  in  an  osmotic  mucilaginous  sheath,  in  which  they  move 
alternately  backwards  and  forwa^rds,  this  takes  place  chiefly  by 
osmotic  processes  in  the  protoplasmic  contents  of  the  cells,  in  con- 
sequence of  which  the  turgidity  becomes  greater  alternately  in  the 

♦  But.  Z<«.,  xU.  (1883)  pp.  831-43  (1  pi.)* 
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cell  of  each  end  of  the  filameDt.  In  those  species  which  have  no 
8ach  sheath,  yariations  in  the  tnrgiditj  are  also  brought  abont  by 
yariations  in  the  ezosmotic  and  endosmotic  phenomena  of  the  cells. 

Alveoli  of  Diatoms.* — A.  Gnmow  considers  that  the  perforation 
of  the  alyeoli  has  been  completely  proved  in  diatoms  from  the 
Jutland  cement-stone  and  from  the  London  clay ;  bat  that  this 
can  only  modify  the  previously  adopted  interpretation,  since  he 
considers  that  the  diatoms  from  these  localities  have  already  begun 
to  undergo  dissolution — this  being  unquestionably  the  case  in  those 
from  the  London  clay — in  consequence  of  which  the  delicate  closing 
membranes  of  the  alveoli  disappear  first  of  all.  He  believes  that 
whenever  diatoms  are  accompanied  by  lime,  and  especially  when 
iron  pyrites  is  present,  as  is  the  case  in  these  localities,  alkaline 
reactions  have  been  set  up,  which  may  have  been  very  weak, 
but  which  always  act  more  strongly  on  silica  than  even  very  strong 
acids.  Li  valves  treated  with  very  strong  acids  the  alveoli  may  some- 
times be  seen  actually  perforated ;  while  others  close  by  wUl  still 
be  closed.  Coscinodiacus  ocultu-iridis  and  C.  Asteromphaltu — the  former 
of  which  (in  cement-stone)  has  open,  and  the  latter  unquestionably 
closed  membranes — are  so  closely  related  to  one  another  that  no 
sharp  line  of  demarcation  can  be  drawn  between  them.  The  author 
has  given  a  close  examination  to  this  group  of  diatoms  from  Franz- 
Josef  Land ;  and  believes  tbat  the  alveoli  are  closed  above  and 
below  by  delicate  membranes  proceeding  from  the  thickening-ring. 
Li  Triceratium  Favus  the  upper  one  is  sometimes  furnished  with  small 
spines.  He  considers  it  very  improbable  that  in  nearly  related  forms 
there  should  be  so  great  a  diversity  of  structure  as  that  between 
perforation  and  complete  continuity  of  the  valves. 


MICROSCOPY, 
a.  Instruments.  Accessories.  &o. 

Hensoldt's  and  Schmidt's  Simplified  Beading  Hioro800^68.t— 
Dr.  C.  Bohn  refers  to  the  necessity  for  insuring  that  the  divisions  of 
the  micrometer  of  these  instruments  t  shall  be  a  simple  fraction  of  the 
magnified  image  of  the  circle  divisions.  If  the  distance  of  the  latter 
from  the  objective  is  altered  by  moving  the  objective  or  the  Micro- 
scope, the  power  is  no  doubt  changed,  but  the  image  no  longer  coin- 
cides with  the  micrometer  scale.  Shifting  the  scale  alone  is  of  no 
use,  for  the  same  reason.  The  only  course  is  to  alter  the  distance  of 
the  objective  from  the  circle  divisions  and  the  distance  of  the  micro- 
meter scale  simultaneously  in  a  proper  ratio,  the  conditions  for  which 
he  discusses.    A  Bamsden  eye-piece  must  be  used. 

•  Bot.  Oentralbl.,  xvii.  (1884)  p.  67. 

t  Zeitfiohr.  f.  Instrumentenkunde,  iii.  (1884)  pp.  87-8. 

X  See  this  Jouroal,  ii.  (1882)  p.  548. 
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Geneva  Compan^'a  TraTelling  Hioroicope. — This  is  &  Tst;  insfr- 
nionsl;  oonstrncted  instrtuuent,  shown  set  np  in  fig.  61,  and  as  foltUtd 
for  trareUing  in  fig.  52. 

To  fold  it,  tbo  narrow  cnrTed  enpport  between  the  base  and  the 
nprightfi  ia  tamed  back  within  the  latter, 
Fio.  51-  a  pin  which  fixes  it  in  position  (not  shown) 

being  first  withdrawn  from  the  base.  The 
nprigbta  are  then  bronght  down  to  meet 
the  base,  the  bodjr-tabe,  stage,  and  mirror 

Fia. 


being  at  the  same  time  Bwnng  so  as  to  bo 
,    horizontal.     The  base  conaista  of  an  open 
&ame  onl;,  bat  is  heavy  euoagh  to  giro 
compete  steadiness. 

The  milled  head  seen  on  the  right  of 
the  body-tube  elamps  the  socket  of  the 
latter  between  the  nprights,  so  as  to  pro- 
vent  it  altering  its  inclination.     The  fine 
adjustment  is  effected  by  tilting  the  stage  at  one  end  by  the  screw 
beneath  iL 

When  folded,  the  instmment  meosnies  7^  x  3  in.  x  1}  in. 
Beichert'i    Hloroieope    with    modifled    Abbo    Condensar.  — 
C.  Beichert,  of  Vienna,  with  his  medinm  stand  (No.  III.)  supplies  a 
modified  form  of  Abbe  condenser,  shown  in  fig,  fiS,  with  which  may 
be  contrasted  the  original  form  by  Zeiss  (fig.  64). 

The  optioal  combination,  consisting  of  three  lenses  with  an 
ap^ure  of  1-30  N.A.,  is  screwed  in  a  ring  a  attached  to  an  arm  d. 
This  arm  revolves  on  a  pivot  beneath  the  stage,  so  that  it  can  be 
torued  away  from  the  stage,  as  shown  in  the  figure.  The  fitting  c  of  the 
lower  leas  has  inner  grooves  to  reoeive  the  diaphragm  slide  b,  which 
can  be  drawn  ont  entirely,  for  changing  the  five  diaphragm-etopB  whioh 
drop  into  an  apertare  at  e,  or  partially  (to  the  right  or  left),  so  that 
the  aperture  may  tie  eooentrit^lly  to  the  optic  axis  for  oblique  illumina- 
tion. A  spring-pin  falling  in  three  holes  marks  the  central  or  extreme 
lateral  positions  of  the  slide.  The  lenses  with  the  diaphragm  slide 
can  be  rotated  in  the  ring,  so  that  all  azimaths  of  obliquity  can  be 
obtained.  The  pin  /  fits  into  a  hole  beneath  the  stage  when  the 
condenser  is  centered.     ' 

A  slide  beneath  the  stage  for  the  ordinary  cylinder  diapbragma 
can  be  used  when  required  on  the  condenser  b^ng  turned  aside. 
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Thia  apparatnB  Beems  to  snpplj  efibctiToly  the  want  which  hw 
loDg  been  fdt  for  &u  adaptatioii  of  the  Abbe  oondenaei  to  the  smaller 


stando,  thongh  econe  of  the  advantogee  of  the  original  tana  t 
neoeBsarilf  be  lost  in  each  a  case. 
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B«ichert'B  Polarisatioii  Hicroscope. — This  (fig.  66)  is  an  inex- 
MnBive  form  of  stand  by  0.  Reichert,  the  chief  pecoliarit;  of  which 
u  that  the  wheel  of  diaphragms  with  five  apertares  rotates  at  the  end 
of  a  horizontal  arm,  which,  as  with  the  condenser  in  the  preceding 
form,  swings  on  a  pivot  away  from  the  stage,  as  shown  in  the  figure. 
The  diaphragm-plate  is  raised  above  the  arm  on  a  vertical  axis,  ao 
th^  the  tube  attached  to  the  largest  aperture  to  hold  the  polariaer 


may  not  prevent  the  oomplete  rotation  of  the  plate.*  A  notched  pro- 
jection on  the  arm  &Ils  against  a  second  spindle  beneath  the  stage 
when  the  apertures  of  the  diaphragm-plate  are  central.  The  tnbe 
which  holds  the  polarizer  has  a  rotating  fitting,  and  carries  the 
polarizer  with  it 

The  analyser  fits  over  the  eye-piece  without  any  attachment,  which 
would  seem  to  be  nndesirable,  even  thongh  the  Microscope  can  only 
be  used  in  an  upright  position. 
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Beinke's  HicroBOope  for  observing  the  Growth  of  Plants.*— J. 
Reinke,  amongst  other  apparatus  for  observing  the  growth  of  plants, 
devised  the  instrmnent  shown  in  fig.  56. 

A  tripod  D  supports  a  hollow  pillar  S  in  which  slides  a  second 
pillar  C  E  which  can  be  raised  to  a  height  of  82  cm.  from  the  table 
and  is  fixed  with  a  damp  screw.  To  the  latter  pillar  is  attached  a 
horizontal  Microscope  A  focnsing  by  the  eye-piece  and  magnifying 
about  100  times.    In  front  of  the  objective  B  is  a  glass  wheel  B 

» 

Fio.  56. 


6  cm.  in  diameter  with  a  grooved  edge  which  runs  very  easily  on  two 
fine  steel  points  let  in  me  bent  arm  F  O  shown  in  the  figure.  A 
mirror  on  a  second  arm  H  illuminates  the  field  of  view. 

A  thread  P  passes  over  the  groove  in  the  wheel,  the  end  of  which 
is  attached  to  the  plant  under  examination,  and  at  the  otiier  is  a  weight 
Q  to  keep  the  thread  stretched.  The  circumference  of  the  wheel  for 
10  cm.  is  graduated  in  half  millimetres,  and  each  millimetre  is 
numbered.  In  the  body-tube  of  the  Miaroscope  is  a  micrometer  scale 
with  60  divisions.     This  is  to  be  adjusted  so  that  the  0  and  50  of 

•  Bot.  Z\%.,  xxxiv.  (1876),  pp.  65-9,  91-5, 105-43, 145-60, 169-71  (2  pie.). 


442  SUMMARY  OF  OUBBENT  RB8BAB0HBB  BBLATINO  TO 

the  scale  exactly  coincide  with  two  oonsecntiye  dlTisionB  of  the 
wheel.  The  hidf  millimetres  of  the  wheel  can  then  he  read  to 
l/60ths(=0-01  mm.). 

As  the  plant  grows  the  wheel  revolyes,  and  the  extent  of  the 
reyolution  is  read  on  the  wheel  and  scale  by  the  aid  of  theMicrosoope. 
If  the  weight  reaches  the  table,  the  moyable  pillar  can  be  drawn  ont, 
and  when  the  divisions  on  the  10  cm.  of  the  wheel  are  passed  oyer 
it  can  be  brought  back  to  0  again  by  gently  raising  the  weight. 

Tetlow*8  Toilet-bottle  Hiorosoope.* — ^D.  Tetlow  has  patented  the 
following  instroment,  the  specification  of  which  we  give  verbatim 
without  any  attempt  at  an  abstract,  yentnring  only  -to  emphasize  one 
paragraph  by  italics  of  our  own.    The  figures  are  also  fiEK»imila 

**  To  all  whom  it  may  concern :  Be  it  known  that  I  Daniel  Tetlow, 
of  the  city  and  county  of  Philadelphia,  and  State  of  Pennsylvania, 
have  invented  a  new  and  useful  Improvement  in  Microscopes,  which 
improvement  is  fully  set  forth  in  the  following  specification  and 
accompanying  drawings,  in  which — 

Fig.  57  is  a  perspective  view  of  a  Microscope  embodying  my 
invention  with  central  vertical  sections  thereof  in  Ime  x  x. 

My  invention  consists  of  a  Microscope  having  a  body  of  the 
form  of  a  bottle  and  the  eye-piece  removably  fitted  to  the  neck  thereof, 
the  construction,  operation,  and  advantages  being  hereinafter  set 
forth. 

Beferring  to  the  drawings,  A  represents  the  body  of  a  Micro- 
scope, the  same  being  essentially  of  the  form  of  a  glass  bottle 
having  a  closed  bottom  which  is  integral  with  the  body;  and  B 
represents  the  eye-piece,  consisting  of  the  lens  or  glass  C  and  metallic 
cap  or  holder  D,  the  lens  being  properly  set  in  the  holder,  and  the 
latter  removably  fitted  on  the  neck  of  the  bottla 

E  represents  a  base  on  which  the  bottle  is  stood,  the  same  being 
formed  of  metal  and  receiving  the  bottom  of  the  bottle,  said  bottom 
being  shouldered,  so  as  to  properly  set  in  the  base  and  provide  a  neat 
joint  for  the  parts. 

While  I  have  described  the  holder  D  and  base  E  as  metallic, 
sheet  metal  being  preferred,  it  is  evident  that  they  may  be  formed  of 
any  suitable  material  and  the  base  may  be  part  of  the  glass. 

The  eye-piece  is  removed  and  an  object  to  be  examined  placed 
in  the  bottle.  The  eye-piece  is  then  restored,  and  the  object  may 
then  be  viewed  through  the  lens  C,  as  in  Microscopes. 

The  body,  being  of  the  form  of  a  bottle,  has  the  following  advan- 
tages :  The  object  is  not  liable  to  be  lost  or  displaced.  It  may  be 
seen  through  the  wall  of  the  body  and  comparisons  readily  made  as 
to  its  natural  and  magnified  conditions  and  remain  in  the  body  for 
further  examination,  as  the  bottle  provides  an  indosure,  the  access 
to  which  being  the  mouth  of  the  bottle,  and  this  is  covered  by  the 
lens  C. 

Another  object  of  the  invention  is  to  employ  the  body  A,  primartfy^ 

*  Specification  forming  part  of  U.S.A.  Letters  Patent  No.  287,978^  dated 
November  6, 1883.    Application  filed  August  24, 1888. 
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'  nibttamee,  »uek  <u  perfiimen/. 


tu  a  reemtaele  for  ttm«   tnaferial  c.    ,   „   j--,,— 

When  ihebodg  it  Jilted,  it  it  corked  and  the  «y»^Mca  jUtod  io  Ae  9 
an  attractive  and  cowoenieiA   toUet-botth   tJuteoemg  prodtieed.     7%9 
cork  i»  concealed  by  eaid  eue-pieee,  to  thU  unau&orued  penona  mU 
ta^perienoe  eonte  dtfficuUg  m  tAilrat^iitg  the  perjwnery.     When  the 


perfumers  ii  etAatuled,  the  cork  it  throvn  ouny  and  the  teniee  of  the 
Miaroteope  hegina,  taid  tervice  being  timHar  to  that  hereinbefore  ttated. 

To  the  eye-piece  ia  secnred  a  ohun,  F,  whereby  tlie  derioe  majr 
be  roftdily  carried,  whether  «s  »  UioroMope  or  toilet-bottle. 

Haring  thus  decwribed  my  invention,  what  I  olaim  m  new,  «ad 
desire  to  seonre  hj  Lettere  Patent,  is — 

1.  A  glass  bottle  having  a  oloeed  bottom  integral  with  the  body 
thereof  and  an  open  month,  in  combination  with  an  ^e-pieoe  donog 
said  month,  formed  of  a  lens  and  holder  thereibr,  said  month  being 
adapted  to  contain  a  oork,  substantially  as  and  for  the  parpose  Mt 
fortL 

2.  A  bottle  provided  with  a  removable  ^^pieoe  and  a  base  and 
chain,  snbstantiaUy  as  and  for  the  pnrpoee  set  forth." 

arifflth'i  Kolti] 
eye-pieoe  (fig.  68)  n 
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A  disk  at  the  top  of  the  eye-piece,  with  projecting  milled  edge, 
ouriea  different  eye-lenaes  wbich  by  rotation  are  broaght  racoessiTely 
into  the  optio  axis.  An  apertore  in  the  cap 
p,Q_  5g,  shows  by  a  letter  which  leuB  is  in  place. 

The  upper  tube  to  which  the  eye-glass 
disk  is  attached  con  be  drawn  out  as  sbown 
in  the  fignre,  and  the  lower  one,  in  which  the 
field-lens  is  set,  can  be  similarly  drawn  ont 

Rings  marked  B  and  C  show  the  proper 
position  for  each  power,  and  when  entirely 
cIoBod,  the  eye-piece  is  of  the  proper 
length  for  a  D  eye-piece. 

It  was  intended  by  the  inventor  to  haTe 
a  slit  with  stops  for  r^ulating  the  length  of 
the  eye-piece,  and  that  a  revolving  diaphragm- 
disk  should  also  be  inolnded,  bat  these  have 
not  yet  been  added. 

As  to  the  utility  of  the  eye-pieoe,  it  may 
be  pointed  out  that  whilst  it  would  be  vorj 
convenient  to  be  able  to  obtain  different 
eye-piece  powers  by  simply  rotating  a  disk, 
yet  most  of  the  advantage  is  lost  by  the  neoea- 
eity  of  withdrawing  the  eye-pieoe  &om  the 
tube  to  alter  its  length — a  process  which 
would  occupy  as  long  a  time  as  would  be 
required  to  insert  a  different  eye-piece. 
Moreover,  it  is  optically  impracticable  to  make  use  of  tiae  same 
field-lens  for  B,  0,  and  D  eye-pieces. 

Frftnootte's  Cftfflers  Looida.* — P.  Francotte  thinks  that  Beale's 
camera  lucida  has  a  capital  defect;  the  image  is  formed  on  the 
reflector  too  close  to  the  eye-piece.  The  consequence  is  that  the 
whole  field  ia  not  visible  at  one  time  to  the  eye;  whilst,  for  instance, 
the  centre  can  be  seen,  the  periphery  is  invisible ;  and  in  order  to  see 
all  parts  of  the  field,  it  is  necessary  to  move  the  oje.  Besides  this, 
the  short  space  left  &ee  between  the  eye-piece  and  the  glass  ia  veiry 
inconvenient. 

To  obviate  this  he  replaces  the  eye-pieoe  t^  a  single  lens,  giviog 
as  image  wbich  is  reflected  by  an  inclined  glass  plate  or  a  mirror. 
The  in^ination  of  the  reflecting  surface  may  vary  between  40°  and  60", 
according  to  the  point  of  the  table  upon  which  the  image  is  to  be 
projected.     The  image  ia  erect,  and  the  whole  field  is  included. 

The  apparatus  can  be  easily  and  very  cheaply  constructed.  An 
ordinary  lens  (3  to  6  timee)  in  a  tube  of  cardboard  is  used  as  the  eye- 
piece. The  tube  is  cut  obliquely,  so  that,  on  the  elliptical  section, 
a  thin  plate  of  glass  or  a  mirror  may  be  applied.  On  the  upper 
surface  an  opening  is  made  exactly  over  the  place  where  the  image  is 
reflected. 

By  adopting  the  same  principle  and  replacing  the  large  prism  of. 
*  Bull.  Boc.  Belg  Micr.,  x.  (ISSt)  pp.  77-9. 
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Oberhauser's  camera  by  a  mirror,  the  eye-piece  by  a  single  lens,  and 
the  small  prism  by  a  reflecting  glass  plate  or  a  mirror,  a  convenient 
instrument  is  obtained  which  will  not  necessitate  the  inclination  of 
the  Microscope. 

Eogers's  New  Eye-piece  Micrometer.* — "  Professor  W.  A.  Rogers, 
of  Harvard  Observatory,  has  again  laid  microscopists  under  obligation 
by  making  an  eye-piece  micrometer  for  high  oculars.  It  is  a  cover- 
glass  of  proper  size  to  fit  above  the  diaphragm  of  a  1/2  in.  or  8/8  in. 
ocular,  ruled  in  a  scale  with  the  fifth  and  tenth  lines  longer,  and  so 
fine  as  to  need  the  magnifying  power  of  the  eye-lenses  to  separate 
the  lines  well.  The  high-power  ocular  separates  also  the  striaa  of 
diatoms,  or  other  minute  subdivisions  of  objects,  and  the  scale  enables 
one  to  count  them  with  a  readiness  and  ease  which  has  not  before 
been  possible.  It  is  a  simple  and  inexpensive  thing,  that  takes  the 
place  of  the  most  expensive  spider-web  micrometers." 

Ooneya  Co/s  Nose-piece  Adapters.— Thury  Adapters.— Prof.  M. 
Thury  takes  exception  to  the  remark  at  p.  284  that  these  adapters  do 
not  "  differ  in  principle  from  the  nose-pieces  of  Nachet  and  Yerick." 

The  first  adapter  was,  he  says,  made  in  October  1863  after  his 
designs  for  Count  Castracane,  and  another  in  1865  for  Prof.  E.  Clapa- 
r^e.  A  Microscope  exhibited  by  the  Gk)neva  Co.  at  the  Paris  Exhibition 
in  1867  was  fitted  with  a  similar  adapter  and  was  accompanied  by  a 
written  description.  At  the  1878  Exhibition  the  modified  movable 
form  was  exhibited.  M.  Nachet,  who  adopted  the  fixed  form  in  1877, 
"loyally  termed  it  the  ' Pince-Thury.' "  It  was  after  the  1878 
Exhibition  that  the  movable  form  came  to  be  made  by  others. 

Prof.  Thur/s  apparatus  was  evidently  therefore  the  precursor  of 
all  such  contrivances. 

Selection  of  a  Series  of  Objectives.— Several  writers  have  pub- 
lished their  views  on  this  subject,  differing  (with  the  exception  of  Dr. 
Carpenter)  more  or  less  from  those  put  forward  by  Prof.  Abbe  in  his 
paper  on  the  "  Relation  of  Aperture  and  Power." 

Dr.  G.  E.  Blackham  f  selects  *^  as  a  set  of  powers  sufficient  for  all 
the  work  of  any  microscopist  the  following : — 

One  4  in.  objective  of  0*  10  N.A.  =  12°  air  angle  nearly. 
One  1  in.  objective  of  0  *  26  N. A.  =  80°  air  angle  nearly. 
One  1/6  in.  objective  of  0-94  N.A.  =  140°  air  angle  nearly. 
One  1/8  in.  objective  of  1  *  42  N. A. 

The  first  two  to  be  dry-working  objectives  without  cover  correc- 
tion, the  third  to  bo  dry-working  with  cover  correction,  and  the  fourth 
to  be  a  homogeneous-immersion  objective  with  cover  correction,  and  all 
to  be  of  the  highest  possible  grade  of  workmanship.  The  stand  .  .  . 
to  be  furnished  with  six  eye-pieces,  viz.  2  in.,  1  in.,  and  8/4  in. 
Huyghenian,  and  1/2,  1/3,  and  1/4  in.  solid.     The  following  table 

*  Amer.  Mon.  Micr.  Jonrn.,  v.  (1884)  p.  52. 

t  Proo.  Amer.  8oo.  Mior.,  6th  Ann.  Meeting,  1883,  pp.  33>41,  227-31. 
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■hows  the  ftpplioAtion  of  theae  powen  to  »11  grades  of  voik,  from 
that  which  u  (ndiutLnly  done  with  a  pocket  leas  to  the  extreme 
limits  of  microeoopio«l  Tisian : — 


Mo.  of 

IID. 

\n'aa3i<n. 

EqDlTiloit  u^aUt 

m 

1 

H„«-^ 

■* 

oii)«in». 

ijr^^ii™. 

100 

Le«  than  0- 10  Lefli  than  :0°  sir 

None 

None ',N»ked  eye 

Naked  eje 

500 

LenthanO-lolLemUiBDirur 

5 

12i'4in.ofO-10NA 

2  in. 

9,000 

Lew  thM.  0  10;LeM  tWn  10"  ab 

50 

50 

lin-ofOMN-A 

£ia. 

10,000 

0-11 

12"  33'  sir 

100 

100 

1  in. 

20,000 

021 

24°  16'   „ 

200 

SOO 

1/2  10, 

80,000 

032 

37°  20'  „ 

300 

300 

1/Sin.of0-'94N.A 

2ii.. 

M,000 

0*1 

48°  26'  „ 

400 

GOO 

I  in. 

60,000 

0'52 

62°  40'  „ 

500 

600 

lin. 

60.000 

0-63 

7H°08'  „ 

600 

600 

lin. 

70,000 

0'73 

93=  48'   „ 

700 

BOO 

3/1  in. 

BO.OOO 

0-M 

lOl"  17'  „ 

800 

800 

3/4  in. 

».™ 

0»i 

HO"  16'   „ 
|l80°eir,82°ir| 

800 

121X1 

1/2  in. 

S6,000 

1-00 

1  imra.  fluid      1 

86°  ar  „ 

B60 

IOCS 

1/8  in.  of  1-42 

'n.a. 

3/4  in. 

100,000 

104 

1000 

1066 

3/4  in. 

110,000 

115 

Aboul    9S"„ 

1100 

1600 

1/2  in. 

120,000 

125 

About  1 10°  „ 

1200 

1600 

1/2  in. 

180,000 

135 

About  125°,, 

1300 

1600 

1/2  in. 

136, SB8 

1-42 

About  138°,, 

1368 

1600 

1/2  ia. 

...  It  has  not  been  mj  pnrpoee  to  lay  down  any  single  set  of 
objeotiTeB  as  the  only  proper  <me,  bnt  to  indicate  the  prinoiplea  on 
which  selection  shoidd  be  made,  and  the  relation  of  apertnre  to 
amplifying  power,  and  to  show  that  tiiere  is  at  present  no  ^ood  theo- 
retical reason  for  the  nse  of  objectiTes  of  greater  amplifying  power 
than  the  1/8  in." 

Dr.  Blackhan,  it  will  be  seen,  advocates  the  ose  of  eye-pieces  as 
high  as  1/4  in.  whioh  is  largely  in  excess  of  Prof,  Abbe's  figmee, 
which  do  not  go  beyond  an  amplification  of  16  times.* 

Mr.  J.  D.  Cos  believes  t  "  Dr.  Blackbam  has  the  verdict  of  ex- 
perience with  him  when  he  says  four  or  five  lenses  with  a  proper 
number  of  oye-pieoes  will  cover  the  whole  range  of  microeoopioal 
examination.  In  such  a  number  of  lenses  yon  may  get  all  the 
necessary  combination  of  the  three  qualities  of  angle,  power,  and 
working  distance  whioh  yon  may  need.  Different  investigators  may 
choose  different  series,  bnt  no  one  need  have  a  greater  number  in  the 
series.  ^!oonomy  is  to  be  considered  in  deoidiug  whether  we  shall 
choose  one  or  another  lens ;  bnt  this  is  also  consistent  with  the  state- 
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ment  that  aU  the  elements,  inclading  eoonomyy  may  be  oombined  in 
snch  a  small  series.  The  lowest  glass  may  be  anything  from  a  1^  in« 
to  a  8  in.  If  of  an  angle  of  20°  to  25''  it  will  haye  plenty  of  work- 
ing distance  and  penetration.  The  next  glass  should  be  of  40°  angle, 
or  very  near  it,  as  this  is  the  Tn^Timnm  normal  angle  for  binocular 
vision  of  opaque  objects.  Its  working  distance  should  bo  enough  to 
allow  the  use  of  dissecting-needles  under  it,  and  the  easy  illumination 
of  dry  opaque  objects.  These  conditions  are  found  in  good  glasses 
ranging  from  1  in.  to  1/2  in.  objectiyes.  The  third  glass  should 
also  be  a  dry  glass,  having  working  distance  enough  to  accommodate 
work  with  the  animalcule-cages  and  compressors,  and  upon  rough 
histological  material.  Its  angle  should  be  from  100°  upwards,  to  as 
wide  an  angle  as  is  consistent  with  the  necessary  working  distance. 
These  conditions  are  found  in  glasses  ranging  from  4/10  in. 
objectives  to  1/6  in.  Beyond  the  three  lenses  thus  generally  described, 
a  single  immersion  lens  of  widest  possible  angle  seems  to  give  all 
the  advantages  that  can  be  attained  in  the  present  condition  of  the  art 
of  making  objectives. 

In  the  third  and  fourth  of  the  series,  the  angle  should  be  the 
widest  consistent  with  the  other  conditions  specially  named,  and  this 
is  the  only  demand  of  the  practical  microscopist  in  which,  as  it  seems 
to  me,  the  phrase  '  wide  angle '  can  have  any  appropriate  place." 

Dr.  J.  Edwards  Smith  *  says  that  he  has  practically,  for  the  past 
four  years,  confined  himself  to  the  use  of  four  object-glaisses,  namely, 
a  1  in.  or  2/8  in.  of  45''  or  50°,  a  1/2  in.  of  88°,  a  1/6  in.  immersion, 
balsam  angle  ranging  from,  say  87°  to  95%  according  to  the  position 
of  its  collar,  and  a  1/10  in.  immersion  having  a  constant  angle  of 
100°.  Of  the  last  two  glasses,  the  1/6  in.  has  a  working  distance  of 
1/50  of  an  inch.  The  1/10  in.  will  work  readily  through  covers 
1/100  of  an  inch  thick.  A  large  amount  of  his  work  is  on  urinary 
deposits.  For  the  examination  of  malicnant  growths  and  for 
minute  pathology  generally,  a  dry  1/4  in.  of  100°  is  in  reserve. 

Mr.  E.  M.  Nelson's  t  view  is  to  give  the  beginner  a  Ij^  in.  and  a 
2/3  in. ;  later  on  a  1/6  in.  may  bo  added,  and  as  a  higher  power  a 
1/12  in.  immersion  of  1*48  NA«  ''For  all  working  purposes  the 
battery  would  then  bo  complete,  and  the  microscopist  equipped  to 
repeat  any  results  hitherto  obtained.  As  luxuries,  a  8  in.,  1/8  in.,  and 
1/25  in.  might  bo  got.  It  sometimes  happened  that  the  high  initial 
magnifying  power  of  the  1/25  in.  enabled  the  observer  to  find  some 
hitherto  nmmown  object,  or  portion  of  an  object,  more  easily  than 
with  the  1/12  in. ;  but  when  once  found  its  details  of  structure  would 
be  better  made  out  with  the  1/12  in.  So  far  it  had  not  been  possible 
to  construct  a  1/25  in.  as  perfectly  as  a  1/12  in.,  nor  with  so  high  an 
M>erture ;  hence  it  would  rarely  bear  any  eye-piece  beyond  the  lowest. 
The  1/12  in.,  however,  with  proper  manipulation,  would  bear  the 
1  in.  eye-piece,  and  then  reveal  structure  that  could  not  be  made  out 
with  1/25  s,  as  hitherto  constructed. 

*  '  How  to  see  with  the  Mioroaoope,'  1880,  pp.  202,  208,  and  206. 
t  Engl.  Mech.,  zxxix.  (1884)  pc  48. 
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**  Half-inch  objectiveB  had  been  made  with  aperiores  of  Sff^. 
Some  authorities  had  declared  that  40°  was  the  highest  aperture  that 
oould  be  usefully  employed  with  that  focal  length.  He  had  obtained 
one  of  the  best  examples  of  the  1/2  in.  of  80°,  and  had  made  a  careful 
series  of  trials  with  it.  He  had  applied  diaphragms  above  the  back 
combination  to  cut  down  the  aperture  to  60°  and  40°  respectiYely, 
and  the  results  might  be  briefly  told.  Taking  the  proboscis  of  the 
blow-fly  and  viewing  it  with  the  1/2  in.  diaphragmed  down  to  40^  aper- 
ture, and  arranging  the  illumination  in  the  most  &vourable  manner, 
he  noted  every  detail  of  the  picture,  the  sharpness  and  blackness  of 
the  points  of  the  bristles,  the  transparency  and  clearness  and  general 
precision  of  the  image ;  then  removing  the  diaphraom  behind  the  lens, 
he  increased  the  aperture  to  60^,  and  he  found  me  image  improved 
in  every  way.  Increasing  the  aperture  to  the  fullest  extent,  80  ,  gave 
no  advance  upon  the  quidity  of  image  seen  with  60°  up  to  the  1  in. 
eye-piece ;  for  this  reason  he  concluded  that  60°  was  the  really  useful 
aperture  for  a  1/2  in.,  and  gave  as  much  resolving  power  as  the  eye 
could  well  sustain  with  that  combined  power.  No  doubt  the  extra 
20°  would  give  the  Ions  a  higher  resolving  power  with  a  stronger 
eye-piece,  but  he  thought  that  might  be  better  obtained  with  a  lens 
of  shorter  focal  length." 

Mr.  Nelson  gives  *  the  following  table  of  apertures  for  object- 
glasses  (with  1  in.  eye-piece  on  a  10  in.  tube),  and  says  that  *'  if  ideal 
perfection  is  to  be  reached,  the  values  given  in  the  above  table  must 
be  aimed  at." 

In.  N.A.  • 

8                     *08,  air  angle 10 

2                     -12,        „         15 

U         ..         -17,        „         20 

1           ..         -26,        „         30 

2/3       ..         -39,        „         46 

1/2                  -52,        „         63 

4/10     ..         -65,        „         81 

1/4  1*04,        „        water  angle     ..      ..  103 

1/5               1*3,    crown  fi^Iass  angle 117 

1/6  ..       1  *56,  which  has  yet  to  be  constructed. 

It  will  be  seen  that  there  is  a  wide  divergence  between  Mr. 
Nelson's  and  Prof.  Abbe's  figures.  For  instance,  for  N.A.  0  *  65  Prof. 
Abbe  suggests  an  objective  of  1/8  in.  and  Mr.  Nelson  a  4/10  in. 

Lastly,  we  may  give  Dr.  W.  B.  Carpenter's  views  as  expressed  in 
his  latest  publication  on  the  subject.t 

**  The  1/8  in.  is  (according  to  the  writer's  experience,  which  is 
confirmed  by  the  theoretical  deductions  of  Prof.  Abbe)  the  lowest 
objective  in  which  resolving  power  should  be  made  the  primary 
qualification, — the  1/6,  1/5,  1/4,  and  4/10  in.  being  specially  suited 
to  kinds  of  biological  work  in  which  tnis  is  fax  less  important  than 
focal  depth  and  dioptric  precision.  This  view  is  strengthened  by 
the  very  important  consideration  that  the  resolving  power  given  by 

♦  Engl.  Mech..  xxxviii.  (1883)  pp.  367-8. 

t  *  Encyclopfedia  Britanuica,'  Uth  cd.,  zvi.  (1883)  pp.  269-70. 
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wide  aperture  cannot  be  utilized,  except  by  a  method  of  illumination 
that  causes  light  to  pass  through  the  object  at  an  obliquity  corre- 
sponding to  that  at  which  the  most  divergent  rays  enter  the  objective. 
Now,  although  in  the  case  of  objects  whose  markings  are  only  super- 
ficial such  may  not  be  productive  of  false  appearances  (though  even 
this  is  scarcely  conceivable),  it  must  have  that  effect  when  the  object 
is  thick  enough  to  have  an  internal  structure ;  and  the  experience  of 
all  biological  observers  who  have  carried  out  the  most  delicate  and 
difficult  investigations  is  in  accord,  not  only  as  to  the  advantage  of 
direct  illumination,  but  as  to  the  deceptiveness  of  the  appearances 
given  by  oblique,  and  the  consequent  danger  of  error  in  any  inferences 
drawn  from  the  latter.  Thus,  for  example,  the  admirable  researches 
of  Strasburger,  Fleming,  Klein,  and  others  upon  the  changes  which 
take  place  in  cell-nuclei  during  their  subdivision  can  only  be  fol- 
lowed and  verified  (as  the  writer  can  personally  testify)  by  exami- 
nation of  these  objects  under  axial  illumination,  with  objectives  of  an 
angle  so  moderate  as  to  possess  focal  depth  enough  to  follow  the 
wonderful  differentiation  of  component  parts  brought  out  by  staining 
processes  through  their  whole  thickness. 

The  most  perfect  objectives  for  the  ordinary  purposes  of  scien- 
tific research,  therefore,  will  be  obviously  those  which  combine  exact 
definition  and  fiatness  of  field  with  the  widest  aperture  that  can  be 
given  without  an  inconvenient  reduction  of  working  distance  and  loss 
of  the  degree  of  focal  depth  suitable  to  the  work  on  which  they  are 
respectively  to  be  employed.  These  last  attributes  are  especially 
needed  in  the  study  of  living  and  moving  objects ;  and  in  the  case  of 
these,  dry  objectives  are  decidedly  preferable  to  immersion,  since  the 
shifting  of  the  slide  which  is  requisite  to  enable  the  movement  of 
the  object  to  be  followed  is  very  apt  to  produce  disarrangement  of  the 
interposed  drop.  And,  owing  to  the  solvent  power  which  the 
essential  oils  employed  for  homogeneous  immersion  have  for  the 
ordinary  cements  and  varnishes,  such  care  is  necessary  in  the  use 
of  objectives  constructed  to  work  with  them,  as  can  only  be  given 
when  the  observer  desires  to  make  a  very  minute  and  critical  exami- 
nation of  a  securely  mounted  object." 

A  table  is  then  given  which  in  addition  to  the  magnifying-powers 
of  objectives  with  de  A  and  B  eye-pieces  also  "  specifies  the  angle 
of  aperture  which,  in  the  writer's  judgment,  is  most  suitable  for  each. 
He  has  the  satisfsuition  of  finding  that  his  opinions  on  this  latter 
point,  which  are  based  on  long  experience  in  the  microscopic  study 
of  a  wider  range  of  animal  and  vegetable  objects  than  has  fallen 
within  the  purview  of  most  of  his  contemporaries,  are  in  accordance 
with  the  conclusions  drawn  by  Professor  Abbe  from  his  profound 
investigations  into  the  theory  of  microscopic  visiop,  which  have  been 
carried  into  practical  accomplishment  in  the  excellent  productions  of 
Mr.  Zeiss."  An  extract  from  the  table  will  be  found  on  the  next 
page. 

"  For  ordinary  biological  work,  the  1/8, 1/10,  and  1/12  objectives, 
with  angles  of  from  100°  to  200°,  will  be  found  to  answer  extremely 
well  if  constructed  on  the  water-immersion  system." 

Ser.  2.— Vol.  IV.  2  H 
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Focal 
Length. 


In. 
4 
8 
2 

H 

1 

2/3 

1/2 
4/10 


Angular 

Focal 

Aperture. 

Length. 

o 

In. 

9 

1/4 

12 

1/5 

15 

1/6 

20 

1/8 

SO 

1/10 

40 

1/12 

45 

1/16 

70 

Angular 
Aperture. 


50-80 
95 
110 
140 
150 
160 
170 


*'  It  must  be  nnderBtood  that  there  is  no  intention  in  these  remarks 
to  nnderralne  the  efforts  which  have  been  perseveringly  made  by  the 
ablest  constructors  of  microscopic  objectives  in  the  direction  of 
enlargement  of  aperture.  For  these  efforts,  besides  increasing  the 
resolying-power  of  the  instrument,  have  done  the  great  service  of  pro- 
ducing a  vast  improvement  in  the  quality  of  those  objectives  of  mode- 
rate aperture  which  are  most  valuable  to  the  scientific  biologist;  and  the 
microscopist  who  wishes  his  armamentum  to  be  complete  will  provide 
himself  with  objectives  of  those  different  qualities  as  well  as  different 
powers  which  shall  best  suit  his  particular  requirements." 

"High-angled**  Objectives. t — Dr.  J.  Edwards  Smith  "prefers 
to  regard  as  'high-angled,*  any,  and  all  glasses,  without  reference  to 
their  focal  lengUis,  which  are  endowed  with  the  widest  apertures 
obtainable.  If  this  be  accepted,  then  it  will  occur  that  a  1  in. 
of  50°  should  be  classed  as  a  high-angled  objective,  and  similarly 
a  2  in.  of  25°.  And,  again,  it  would  also  then  occur  that  a  1/6  in.  of 
130°,  which  fifteen  years  ago  ranked  as  a  wide,  would  now  be  classed  as 
a  glass  of  medium  power." 

Zei88*8  A*  Variable  Objective  and  ''Optical  Tube-Length.** — 

The  demonstration  of  the  important  influence  of  '^  optical  tube-length  " 
on  the  magnifying  power  of  the  Microscope  explains  what  has  hitherto 
seemed  a  curious  anomaly  in  the  action  of  this  objective. 

It  will  be  remembered  that  it  has  a  considerable  range  of  power 
according  as  its  two  lenses  are  "  closed  "  (when  they  are  44  mm.  apart} 
or  "  open  "  (when  they  are  at  a  distance  of  52  mm.),  the  closing  ana 
opening  being  effected  by  rotating  the  collar  on  the  objective. 

In  the  closed  position  the  equivalent  focal  length  of  the  objective 
is  54*1  mm.,  and  in  the  open  39*7  mm.,  or  a  ratio  of  approximately 
4  :  3.  The  power  of  the  Microscope  is  however  increased  not  in  the 
ratio  of  3  :  4  only,  but  of  3  :  5*28. 

The  explanation  of  this  differeuce  is  found  in  the  fact  that  A,  or 
the  optical  tube-length,  varies  considerably  according  to  the  position  of 
the  lenses  of  the  objective.  When  they  are  closed  the  posterior  focal 
plane  is  153  *  6  mm.  from  the  back  lens  of  the  objective,  but  when  open 
125*7  mm.  only.  A  is  therefore  (with  a  tube-length  of  10  in.  or 
250  mm.  from  the  back  lens  of  the  objective  to  the  anterior  focal  plane 
ofthe ocular) 250-  153*6  =  96*4mm.,or250  -  125*7  =  124*3mm. 

t  *  How  to  see  with  the  Microscope,'  1880,  p.  104.    Of.  also  p.  146. 
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In  the  fonnnia,  therefore,  for  the  magnifying  power  of  the  Micro- 
Bcope  as  a  whole 

250  A 


N  = 


f<t> 


(/  and  <j)  being  the  focal  lengths  of  the  objective  and  ocular  re- 
spectively),  N  is  in  the  one  case  17  *  8  and  in  the  other  31  *  3,  assuming 
0  to  be  25  mm. 

Those  who  are  interested  in  optical  formulsB  may  like  to  haye 
before  them  the  method  by  which  (1)  the  focal  length  of  the  objective 
and  (2)  the  distances  of  its  posterior  focal  plane  are  determined,  accord- 
ing to  the  improved  methods  of  Pro£  Abbe,  of  which  we  hope  to  give 
a  more  detailed  account  later. 

(1)  To  determine  the  focal  length  /  of  the  combination,  we  require 
to  know  only  the  focal  lengths  /i  and  /]  of  the  two  lenses,  and  the 
position  of  deir  anterior  and  posterior  focal  planes,  whence  we  derive 
/  according  to  the  formula 

f=      fill 

(3  being  the  distance  of  the  posterior  focal  plane  of  the  first  lens  f  from 
the  anterior  focal  plane  of  the  second  lens). 

Thus  suppose  in  fig.  69  that  we  have  given /i  =  —  24*8  nmi.  and 


/,  =  48*4  mm.,  we  require  only  to  determine  8  to  solve  the  equa- 
tion. 

We  can  determine  S  from  the  distances  (supposed  to  be  given)  of  the 
focal  planes  from  the  respective  lenses,  the  distance  of  the  posterior 
focal  plane  of  the  first  lens  F^*  =  24*5  mm.  and  that  of  the  anterior 
focal  plane  of  the  second  lens  Fs  =  46  *  3  mm.  For  the  diagram  shows 
that  if  from  the  total  distance  between  F,*  and  the  front  of  the  second 
lens  (which  is  made  up  of  the  variable  distance  between  the  lenses  d 
and  the  quantity  24*5),  we  deduct  the  distance  46*8  mm.  of  the 
focal  plane  F,  from  the  second  lens  we  shall  have  the  distance  & 

t  The  first  lens  being  a  plano-ooncave  the  posterior  focal  plane  (L  e.  which 
relates  to  the  posterior  mediiun,  or  to  the  image)  is  in  front  of  Uie  lens,  and  not, 
as  with  convex  lenses,  at  the  back. 

2  h2 
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Thus,  aooording  as  the  lenseB  are  closed  or  open  (d  =  44  mm.  or 
52  mm.), 

8  =  44 +  24-5 -46*3  =  22-2 

=  52 +  24-5 -46-3  =  30-2. 
Haying  thus  fomid  S,  /  is  also  fomid,  as  it  is 

24-8  X  48-4 


22-2 

or 

24-8  X  48-4 
30-2 


=  541, 


=  39-7. 


(2)  The  second  step  is  to  find  the  distance  of  the  posterior  focal 
plane  F*  of  the  combination,  which  being  deducted  from  10  in.  gave 

USA* 

This  distance,  as  the  diagram  shows,  is  made  up  of  two  quantities, 

one  being  the  distance  of  the  posterior  focal  plane  F,*  of  the  second 

lens,  which  is  supposed  to  be  given,  and  =  48  *  1  mm.,  and  the  other,  an 

unknown  quantity,  which  we  will  call  (*.  This  unknown  quantity  may 

be  determined  from  the  known  quantities  of/,  and  S  by  the  formula 


It  is  therefore 


f  =  (-^ 


<^«-*>!  =  105-5, 


or 


22-2 

(48-4)« 
30*2 


=  77-6, 


according  as  the  lenses  are  open  or  closed. 

Adding  these  values  of  (*  to  48  *  1  we  get  the  figures  given  above 
as  the  distance  of  the  posterior  focal  plane  from  the  back  lens,  L  e. 
153-6  or  125-7. 

The  focal  length  of  the  objective  and  the  distance  of  its  posterior 
focal  plane  are  thus  very  readily  found,  without  elaborate  calculations, 
by  simply  knowing  the  focal  lengths  and  the  position  of  the  focal 
planes  of  the  separate  lenses,  data  which  can  be  obtained  very  simply 
and  without  the  necessity  of  knowing  anything  about  the  formulfe  on 
which  the  objective  is  constructed  or  the  refractive  index  of  the  glass 
of  which  its  lenses  are  made.  We  hope,  as  we  have  said,  to  return  to 
this  subject  hereafter  and  in  more  detaiL 

Queen's  Spot-lens  Mounting,  f — In  order  to  overcome  as  fEir  as 
possible  the  difficulty  J.  W.  Queen  and  Co.  have  felt  in  fitting  the 
spot-lens  to  instruments  of  various  patterns  (some  with  movable  sub- 
stage  and  some  with  fixed  tube,  the  latter  at  varying  distances  from 
the  upper  surface  of  the  stage),  they  have  devised  the  following 
mount : — 

The  tube  A  (figs.  61  and  62)  is  made  of  standard  size  to  fit  the 

t  Micr.  Bulletin,  i.  (1884)  p.  11  (8  figs.). 
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nsnal  English  and  American  snbstage  or  accessory  tnbes.  The  tube  B 
carries  a  third  tnbe  C  (blackened  inside),  sliding  easily  within  it. 
Securely  mounted  in  the  latter  tube  is  the  spot-lens,  which  thus  may 
be  accurately  focused  upon  the  object ;  and  when  once  adjusted  for 
any  stand,  there  is  no  occasion  to  alter  it.  If  the  small  tubes  be  only 
1/2  in.  or  5/8  in.  in  length,  the  focusing  range  is  a  long  one. 

FiQ.  60.  Fio.  61.  Fia.  62. 

lo 


Fig.  60  shows  the  instrument  as  fitted  to  a  Microscope  which  has 
the  fixed  tube  beneath  the  stage.  By  reversing,  as  shown  in  fig.  61, 
the  same  mount  may  be  used  equally  well  in  the  movable  substage 
of  larger  instruments. 

They  have  also  applied  the  same  device  to  the  usual  substage 
Society-screw  adapter,  for  carrying  achromatic  condenser  or  objective 
used  as  such  (fig.  62). 

The  inside  diameter  of  the  tube  0  in  this  case  is  made  1^  in., 
which  will  exclude  very  few  objectives.  It  may,  of  course,  be  used, 
as  the  other,  either  in  Microscopes  with  fixed  stage  tubes,  or  with 
movable  substage. 

Paraboloid  as  an  Illuminator  for  Homogeneous-Immersion 
Objectives.* — A.  J.  Moore  attempts  "to  make  two  comparatively 
inexpensive  pieces  of  apparatus  take  the  place  and  do  the  work  of 
any  first-class  wide-angled  immersion  condenser.  These  accessories 
are  the  ordinary  parabola  and  the  hemispherical  lens." 

Ordinarily  the  former  is  a  dark-ground  illuminator,  but  when  the 
aperture  of  the  objective  exceeds  that  of  the  parabola,  the  effect  is 
simply  that  of  a  dry  condenser,  in  which  the  central  rays  are  stopped 
out  But  even  at  its  best  the  light  cannot  traverse  the  slide  at  a 
greater  angle  than  41°  from  the  axis ;  and  it  is  rarely,  if  ever,  even 
so  great  as  this.  Now,  if  the  light  reflected  by  the  parabola  could  be 
converted  into  a  glass  (or  balsam)  angle  without  altering  its  angular 
direction,  it  would  be  amply  sufficient  to  give  light  to  the  objective 
at  the  widest  balsam  angle  now  used  in  the  best  homogeneous- 
immersion  objectives.  This  may  be  done  by  using,  under  the  slide, 
a  hemisphericeJ  lens,t  whose  radius  is  less  than  that  of  the  concavity 
of  the  parabola,  making  optical  contact  by  the  immersion  fluid.  This 
is  to  be  accurately  centered  and  the  parabola  brought  up  so  close  that 
the  hemispherical  lens  will  occupy  the  concavity.  When  properly 
adjusted,  it  will  be  obvious  that  those  rays  which  are  transmitted  by 
the  parabola  impinge  normally  to  the  surface  of  the  hemispherical 

♦  *  The  Microscope,'  iv.  (1884)  pp.  27-30  (1  flg.). 

t  Thia  was  described  and  figured  by  Mr.  F.  H.  Wenham,  Trans.  Micr.  Soo. 
Lond.,  iv.  (1856)  pp.  57-8  (1  fig.).— Ed. 
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lens,  and  faenee  ere  not  refracted;  that  is,  the;  traTerse  die  nme 
path  in  the  lens  that  tfaey  bad  upon  the  parabou.  The  effect,  then, 
IB  that  of  the  wide-angled  immerBion  condenser  ifith  the  oentral  njs 
stopped  ont, 

Althongh  this  id«7  be  very  deeirable  for  some  objects,  it  is  not 
generally  bo,  and  it  becomes  uecegsary  to  limit  the  direction  from 
vhich  the  light  comea.  Thia  may  be  very  easily  accomplished  by 
the  nse  of  a  cardboard  diaphragm.  This  may  be  made  by  cutting  m 
circle  of  blackened  cardboard,  the  diameter  of  the  inside  of  Ute 
mounting  of  the  parabola,  bo  that  when  pnsbed  home  against  the 
glass  surface  the  circle  will  be  held  frictioB-tigbt.  By  cntting  small 
holes  in  this  card  tbe  light  may  bo  regulated ;  and  it  should  be  kept 
well  in  mind  that  when  tbe  boles  are  cut  in  the  outer  edge  of  the 
card,  the  light,  although  oblique,  will  be  more  nearly  central  than 
when  admitted  to  the  reflecting  eur&ce  through  a  hole  nearer  the 
centre ;  but  should  the  hole  be  too  near  the  centre  of  the  card  the 
light  will  not  be  transmitted  at  all,  owing  to  the  fact  that  it  will 
strike  the  top  of  the  concavity  of  tbe  parabola.  A  good  guide  to  go 
by  is  a  circle  apon  the  card  whose  diameter  is  the  same  as  that  of  the 
top  of  tbe  concavity.  Tbe  most  of  the  oblique  light  may  then  be 
obtained  by  cutting  the  holea  near  this  line.  Holes  may  be  cot  at 
TariouB  angles  to  each  other,  to  effect  tbe  resolution  <^  tbe  varioos 
sets  of  lines  by  which  some  objects  are  marked. 

The  author  adds :  "  The  diief  objection  to  this  method  of  illn- 
nination  is,  that  central  light  cannot  be  obtained ;  but  this,  of  itsaU^ 
is  of  no  particular  actwunt,  as  the  parabola 
Fia.  C3.  may  be  removed  from  tbe  subetage  whan  it 

is  desired.  As  to  tbe  perfonnance  of  this 
arrangement,  I  can  speak  in  the  bigbeet 
terms;  the  resolution  of  the  diatoms  of 
Holler's  balsamed  plate  being  easily  ao- 
compliehed  ;  and  when  the  fall  operation  of 
tbe  parabola  was  used,  tbe  dots  of  No.  18 
showed  better  than  I  have  ever  seen  them 
by  any  other  method  of  illnmination." 

Paraboloid  for  Botating  Ulniuinatioo  in 

Azimath. — We  have  a  paraboloid  with  an 

arrangement  shown   in  section   in  fig.    63. 

The  bottom   of  the    fitting  is  closed  by   a 

brass  box  in  which  is  a  rbomboidal  pnsm, 

the  lower  &ce  of  which  is  over  an  oblong 

>  slot  in  the  centre  of  tbe  lower  plate  of  the 

box,  while  the  upper  &oe  is  towards  tbe  side 

Fio^.  of  the  upper  plate,   and  jnet   beneath  tbe 

v'^'^Ny  enter  zone  of  the  paraboloid.      Over  tbe 

f  \  upper  face  is  a  tube  IJ  in.  high  (the  bori- 

Eontal  section  of  which  is  shown  in  fig.  64). 

Axial  rays  are,  by  means  of  the  prism,  made  to  fall  on  a  part  of  the 

outer  zone  of  the  paraboloid,  and  by  rotating  the  box  can  be  broagbt 

into  any  azimuth  of  the  latter. 
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Horizontal  Position  of  the  Microscope.  * — Mr.  H.  J.  Slack  con- 
siders that  the  usual  position  of  a  Microscope  with  a  tube  slanting  a 
little  and  the  head  leaning  forward  to  look  down  it,  is  all  very  well 
for  a  short  examination  of  any  object,  but  not  at  all  desirable  for 
continuous  work.  A  better  plan  is  to  get  a  carpenter  to  make  a  light 
stool  2  ft.  long  and  14  in.  wide,  standing  on  four  legs,  the  length  of 
which  should  be  determined  by  that  of  the  Microscope  it  is  intended 
to  use  and  the  height  at  which  the  observer  sits.  His  own  stool 
is  7  in.  high,  and  when  placed  on  an  ordinary  table  brings  a  full-sized 
Microscope  with  its  tube  in  a  horizontal  position  at  a  convenient 
height  for  the  eye  of  an  observer  sitting  in  an  ordinary  chair.  The 
late  Mr.  Lobb,  who  was  skilful  in  exhibiting  troublesome  objects, 
always  used  his  Microscope  in  this  position ;  but  as  far  as  Mr.  Slack 
knows,  it  is  seldom  adopted.  When  the  instrument  is  in  position  as 
described,  the  substage  mirror  should  be  turned  out  of  the  way,  and 
the  lamp  placed  so  that  its  flame  is  exactly  opposite  the  axis  of  the 
instrument,  and  can  be  seen  in  the  middle  of  the  field  on  looking 
through  it.  If  the  objects  to  be  watched  are  large  enough  for  a  low 
power,  the  light  may  be  softened  by  placing  under  the  slide  a  piece  of 
foreign  post  paper  saturated  with  spermaceti.  For  high  powers,  an 
achromatic  condenser  is  desirable,  and  one  of  the  smallest  central 
stops  is  usually  the  most  useful  for  displaying  fine  cilia,  or  delicate 
whips,  as  well  as  for  lighting  up  without  glare  the  interior  of  various 
creatures.  K  all  is  arranged  properly,  the  manners  and  customs  of 
infusoria  may  be  watched  for  hours  without  more  fatigue  than  reading 
a  well-printed  book.  A  tenth  part  of  the  time  spent  with  the  head 
leaning  forward  in  the  usual  way  is  far  more  exhausting. 

Flogers  Dark  Box. — Dr.  J.  H.  L.  Flogel  some  fourteen  years  ago 
devised  the  dark  box,  shown  in  fig.  65,  to  put  over  the  Microscope 
and  shut  out  all  extraneous  light.  It  is  open  behind  and  has  an  aper- 
ture in  front  to  admit  light  to  the  mirror.  From  back  to  front  it 
measures  20-25  cm.,  and  in  width  60-80  cm. ;  its  height  depends 
upon  the  stand  to  be  used.f  He  now  adds  a  few  words  in  the  interest 
of  those  microscopists  who  may  wish  to  have  similar  boxes  made.  { 

The  principal  thing  is  the  right  position  of  the  aperture  by  which 
the  light  is  admitted ;  its  upper  edge  must  lie  exactly  at  the  level 
of  the  stage — ^not  lower,  in  order  that  the  full  light  from  the  window 
may  be  used  ;  and  not  higher,  in  order  that  light  may  not  fcJl  from 
above  on  the  stage,  which  would  do  away  with  most  of  the  advantages 
of  the  box.  The  Microscope  is  put  as  far  as  possible  in  the  box,  so 
that  the  edge  of  the  stage  touches  it,  and,  in  order  that  there  may  be 
sufficient  room  for  the  head  of  the  observer  in  this  position,  the 
anterior  portion  of  the  box  is  bowed  out.    On  the  right  and  left  of  the 

•  *  Knowledge,'  v.  (1884)  pp.  109-10. 

t  Dr.  L.  Dippel  considers  this  plan  preferable  to  a  darkened  room  with  an 
opening  in  the  shutter  to  admit  light  The  contrast  between  the  illuminated 
field  and  the  dark  room  is  too  great  The  pupil  of  the  eve  ia  now  enlarf2:iug  and 
now  contracting,  and  injurious  results  must  inevitably  follow.  *  Das  Mikroakop,' 
1882,  pp.  751-2  (1  fig.). 

X  Zool.  Anzeig.,  vi.  (1883)  pp.  566-7. 
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Microscope  there  should  be  enongh  room  for  the  hands  to  more  com- 
fortably and  to  bo  able  to  dnxr. 

The  action  of  the  dork  box  is  that  it  strengthens  tbe  retina 
wonderfolly  in  the  perception  of  tbe  finest  details.  This  lakes  plaoe 
in  tvo  ways.    First,  in  tho  ordinary  mode  of  obeerriitg  with  th« 

Fro.  65. 


MicnHcope,  tbe  07c  of  tbo  observer  is  so  mnch  distnrbed  by  the  light 
from  the  illamiDatod  eye-piece  setting,  and  tbe  snrronnding  objects, 
that  many  microscopista  are  accnatomed  to  shade  tbe  eye  with  the 
hollowed  hand  as  a  remedy  in  delicate  observation.  This  is  ohviftted 
in  the  most  perfect  mdnnor  by  the  dark  box.  In  the  next  place,  it  is 
by  no  means  a  matter  of  indifference  nbether  strong  or  weak  light- 
impressions  are  simnltaneonsly  received  by  tbe  other  open  eye,  which 
is  at  rest.  Every  more  intense  ligbt-impression  prejudices  the  sight 
of  tbe  other  eye  more  than  is  commonly  SQpposed.  Into  the  dark  box, 
however,  only  a  faint  illumination  can  enter  from  the  light  of  the 
room  behind  it,  especially  when  tbe  table  is  black. 

Feaisner's  Polarizing  Prism.' — Dr.  E.  Fensouer  gives  a  detailed 
description  of  the  polarizing  prism  lately  devised  by  him,  which 
presents  several  points  of  novelty,  and  for  which  oertoin  advuitigea 
are  claimed.  The  paper  slao  contains  an  acconnt,  although  not  an 
exhaustive  one,  of  the  various  polarizing  prisms  which  have  fomi 
time  to  time  been  constructed  by  means  of  different  oombinatioss  at 
Iceland  spar. 

I,  Older  Forms  cf  Polarizing  PrimtM. — In  comparing  the  varions 
forms  of  polarizing  prisms,  the  main  points  which  n^  attention 
are: — the  angular  extent  of  tbe  field  of  view  i  the  direction  of  the 
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emet^nt  polarized  ray,  whether  it  ia  ehifted  to  one  side  of  or  renuina 
aymmetricid  to  the  long  axis  of  the  prism ;  the  proportion  which  the 
length  of  the  prism  b^rs  to  its  breadth  ;  and,  lastly,  the  position  of 
the  terminal  faces,  whether  perpendicular  or  inclined  to  the  long  axis. 
These  reqnirements  are  fulfilled  in  different  degrees  hj  the  following 
methods  of  constmction. 

1.  The  Nieol  Pn»m.*— This  (fig.  66),  as  is  well  known,  is  con- 
Btruoted  from  a  rbombohedron  of  loelaad  spar,  the  length  of  which 
must  be  folly  three  times  as  great  as  the  width. 
The  end  faces  are  cnt  off  in  such  a  manner  that  Fto.  66. 

the  angle  of  72°  which  they  originally  form  with 
the  lateral  edge  of  the  rbombohedron,  is  reduced 
to  68°.  The  prism  is  then  cut  in  two  in  a  plane 
perpendicnlar  to  the  new  end  snrfacea,  the  aeodon 
being  carried  obliquely  from  one  obtuse  comer 
of  the  prism  to  the  o^er,  in  the  direction  of  its 
length.  The  surfaces  of  this  section,  after  haring 
been  carefolly  polished,  are  cemented  together  again 
by  means  of  Canada  balsam.  A  ray  of  light,  on 
entering  the  prism,  is  separated  by  the  double  re- 
Iraotion  of  the  oalc-spar  into  an  ordinary  and  an 
extraordinary  ray:  the  former  nndergoes  total 
reflection  at  the  layer  of  balsam  at  an  incidence 
which  allows  the  extraordinary  ray  to  be  trans- 
mitted; the  latter,  therefore,  passea  through  on. 


^ 


ohanged.  This  principle  of  obtaining  a  single 
polarised  ray  by  means  of  total  reflection  of  Uie 
other  is  common  to  all  the  forms  of  prism  now  to 
be  described. 

Dr.  Fenssner  gives  a  mathematical  analysis  of  the  paths  taken  by 
the  two  polarized  rays  within  the  Nicol  prism,  and  finds  that  the 
emergent  extraordinary  ray  can  include  an  angular  field  of  29°,  but 
that  this  extreme  value  holds  good  only  for  rays  incident  upon  that 
portion  of  the  end  sur&ce  which  is  near  to  the  obtnse  comer,  and 
that  from  thence  it  grodnally  decreases  nntU  the  field  inclndes  an 
angle  of  only  about  half  the  previous  amount.  He  finds,  moreover, 
that,  althongh  of  conree  the  ray  emerges  parallel  to  its  direction  of 
incidence,  yet  that  the  zone  of  polarized  light  is  shifted  to  one  aide 
of  the  central  line.  Also  that  the  great  length  of  the  Niool— 8-28 
times  its  breadth — is  not  only  an  inconvenience,  bnt,  owing  to  the 
large  pieoee  of  spar  thna  required  for  its  constmction,  prisma  of  any 
but  small  si^  become  very  expensive.  To  this  it  may  be  added 
that  there  ia'a  considerable  loss  of  light  by  refiection  ttota  the  Aiat 
snr£ue,  owing  to  its  inclined  position  in  regard  to  the  long  axis  of 
the  prism. 

It  is  with  the  view  of  obviutiog  these  defects  that  the  modifio»< 
tiona  represented  in  figs.  67  to  71  have  been  devised. 


•  Bdin.  New  Phil.  Journal,  vi.  (1828)  p  S3. 
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Fig.  67. 


Ffo.  68. 


^-  The  Shortened  Nicol  Prim  (fig.  67).— This  arrangement  of  the 
Nicol  prism  is  constructed  by  Steeg  and  Beuter  of  Homborg  ▼.  oL  H. 

For  the  sake  of  facility  of  manufacture,  the  end 
surfaces  are  cleavage  planes,  and  the  oblique  cut, 
instead  of  being  perpendiGalar,  makes  with  these  an 
angle  of  about  84°.  By  this  alteration  the  prism 
becomes  shorter,  and  is  now  only  2*83  times  its 
breadth;  but  if  Canada  balsam  is  still  used  as  the 
cement,  the  field  will  occupy  a  yery  unsymmetrical 
position  in  regard  to  the  long  axis.  If  balsam  of 
copaiba  is  made  use  of^  the  index  of  refraction  of  which 
is  1 '  50,  a  symmetrical  field  of  about  24°  will  be  ob- 
tained. A  prism  of  this  kind  has  also  been  designed 
by  B.  Hasert,  of  Eisenach,*  bat  its  performance  appears 
to  bo  inferior  to  the  above. 

3.  The  Nicol  Prism  toith  Perpendicular  End» 
{^g,  68). — The  terminal  surfcuses  in  this  prism  are 
perpendicular  to  the  long  axis,  and  the  sectional  cut 
makes  with  them  an  angle  of  about  75°.  The  length 
of  the  prism  is  3*75  times  its  breadth,  and  if  the 
cement  has  an  index  of  refraction  of  1  *  525,  the  field 
is  symmetrically  disposed,  and  includes  an  angle 
of  27°.  Prisms  of  thu  kind  have  been  manufactured 
by  Steeg,  C.  D.  Ahrens,  and  others. 

4.  The  Foucault  Prism  f  (fig.  69). — This  constmc- 
tion  differs  from  all  those  hitherto  mentioned,  in  that 
a  film  of  air  is  employed  between  the  two  cut 
surfaces  as  the  totally  reflecting  medium  instead  of 
a  layer  of  cement.  The  two  halves  of  the  prism  are 
kept  in  position,  without  touching  each  other,  hj 
means  of  the  mounting.  The  length  of  the  prism  is  in 
this  way  much  reduced,  and  amounts  to  only  1*628 
times  its  breadth.  The  end  surfaces  are  cleavage 
planes,  and  the  sectional  cut  makes  with  them  an 
angle  of  59°.  The  field,  however,  includes  not  more 
than  about  8°,  so  that  this  prism  can  be  used  only 
in  the  case  of  nearly  parallel  rays ;  and  in  addition 
to  this  the  pictures  which  may  be  «een  through  it 
are  to  some  extent  veiled  and  indistinct  owing  to 
repeated  internal  reflection. 

5.  The  Hartnack  Prism  f  (fig.  70).— This  form  of 
prism  was  devised  in  1866  by  Hartnack  and  Praas- 
mowski,  and  was  described,  vol.  iii.  (1883)  p.  428. 
It  is  considered  by  Dr.  Feussner  to  be  the  most 
perfect  prism  capable  of  being  prepared  from  calc- 

spar.     The  ends  of  the  prism  are  perpendicular  to  its  length ;  the 

*  Pogg.  Ann.,  cxiii.  p.  189. 

t  Comptea  Rendus,  xlv.  (1857)  p.  238. 

X  Anu.  Chem.  et  Physique,  vii.  (1866)  p.  181. 


Fig.  69. 
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Fio.  70. 


Fig.  71. 


section  carried  through  it  is  in  a  plane  perpendicular  to  the  principal 
axis  of  the  crystal.  The  cementing  medium  is  linseed  oil,  the  index 
of  refraction  of  which  is  1*485.     The  field  of  view  afforded  hy  this 

construction  depends  upon  the  cementing  substance 
used,  and  also  upon  the  inclination  of  the  sectional 
cut  in  regard  to  the  ends  of  the  prism ;  it  may  vary 
from  20^  to  41°.  If  the  utmost  extent  of  the  field 
is  not  required,  the  prism  may  be  shortened  by 
lessening  the  angle  of  the  section  at  the  expense 
however  of  interfering  with  the  symmetrical  disposi- 
tion of  the  field. 

6.  The  Glan  Priam  •  (fig.  71).— -This  is  a  modi- 
fication  of  the  Foucault,  and  in  similar  manner 
includes  a  film  of  air  between  the  sectional  surfaces. 
The  end  surfaces  and  also  the  cut 
carried  through  the  prism  are  parallel 
to  the  principal  axis  of  the  calc-spar. 
The  ends  are  normal  to  the  length,  and 
the  field  includes  about  8°.  This  prism 
is  very  short,  and  may  indeed  be  even 
shorter  than  it  is  broad.  It  is  subject 
to  the  same  defect  as  that  mentioned 
in  the  case  of  the  Foucault,  although  perhaps  not 
quite  to  the  same  extent,  f 
II. — Feussner's  Prism  (figs.  72-3). — This  prism  differs  very  con- 
siderably from  the  preceding  forms,  and  consists  of  a  thin  plate  of  a 
doubly  refracting  crystal  cemented  between  two  wedge-shaped  pieces 
of  ghuss,  the  terminal  faces  of  which  are  normal  to  tiie  length.  The 
external  form  of  the  prism  may  thus  be  similar  to  the  Hartnack,  the 
calo-spar  being  replaced  by  glass.  The  indices  of  refraction  of  the 
glass  and  of  the  cementing  medium  should  correspond  with  the 
greater  index  of  refraction  of  the  crystal,  and  the  direction  of  greatest 
and  least  elasticity  in  the  latter  must  stand  in  a  plane  perpendicular 
to  the  direction  of  the  section.  One  of  the  advantages  claimed  for 
the  new  prism  is  that  it  dispenses  with  the  large  and  valuable  pieces 
of  spar  hitherto  found  necessary :  a  further  advantage  being  that 
other  crystalline  substances  may  be  used  in  this  prism  instead  of 
calc-spar.  The  latter  advantage,  however,  occurs  only  when  the 
difference  between  the  indices  of  refraction  for  the  ordinary  and  ex- 
traordinary rays  in  the  particular  crystal  made  use  of  is  greater  than 
in  calo-spar.  When  this  is  the  case,  the  field  becomes  enlarged,  and 
the  length  of  the  prism  is  reduced. 

The  substance  which  Dr.  Feussner  has  employed  as  being  most 
suitable  for  the  separating  crystal  plate  is  nitrate  of  soda  (natron^ 
salpeier)^  in  which  the  above-mentioned  values  are  o)  =  1  *  687  and 

•  Carl's  *  Repertorinm,'  xvi.  p.  670  and  xvii.  p.  195. 

t  Amongst  others,  the  modifications  of  the  Niool  prism  which  have  recently 
been  devised  by  Prof.  8.  P.  Thompson  (see  this  Journal,  iiL  (1883)  p.  575),  and 
by  Mr.  B.  T.  Olazobrook  (Phil.  Mag.,  1883,  p.  352),  do  not  appear  to  have  been 
known  to  Dr.  Feussner. 


4€0 


srxMAST  or 


Eiry  iTTPO  10 


c  =  1  -S3^  It  crrrtallises  in  saikr  fcm  to  eileite,  and  in  both 
thin  plates  obui&ed  bj  deavBge  stj  be  saed. 
As  the  eemcBting  sabstBDoe  Iv  tbe  aitzate  of  aoda,  a  Biztiire  of  glim 
vhb  moifcobroinopapbtbalme  «aa  aaed,  wbieh  afibfded  aa 
index  </  refraction  </  1  -  58.  In  the  eaae  of  Hun  platea  <rf  calcite,,  a 
aolid  eeaMDliiig  mbetanee  of  snficaeotly  bi^  lefiaetm  power  wma  not 
aTailaUe,  and  a  flaid  aiediam  vaa  tberefote  enqilojed.  F<^  this  pnr- 
poae  tbe  vbole  praoi  vaa  inrlciawi  in  a  abort  gf—  tobe  with  air-^^bi 
cDda»  vbieb  was  filled  witb  laoaobronKaiapbtfialtfiii^  In  an  experi- 
mental prion  a  mixture  of  halmm  of  tola  vaa  made  vae  o^  giving  n 
cement  witb  an  index  of  refraction  of  1  *  62,  bnt  tbe  low  refcactJTe 
power*  reaolted  in  rerr  conaiderable  rednetian  of  tbe  field.  Tbe  extent 
and  diapoaition  of  tbe  field  maj  be  Taxied  bj  mliarmgtK<>  jurlinatifHi  at 
wbicb  tbe  oyatal  lamina  is  inaerted  (fig.  72),  and  tberdiy  reducing  tbe 
lengtb  of  tbe  prism,  aa  in  tbe  caaeof  tbe  Hartoack. 


r».  72. 


FM.73L 


In  order  to  obyiate  the  effects  of  reflection  from  the  internal  side 
snriiEMses  of  the  prism,  the  wedge-shaped  blocks  of  glass  of  wbicb  it 
is  built  up  may  be  made  much  broader  than  would  otherwise  be 
necessary;  the  edges  of  this  extra  width  are  cat  obliquely,  uid 
suitably  blackened. 

The  accompanying  diagram  (fig.  73)  represents  a  prism  of  cylin- 
drical external  form  constmcted  in  tlus  manner,  the  lower  surface 
being  that  of  the  incident  light.  In  this  the  field  amounts  to  80^,  and 
the  breadth  is  about  double  the  length. 

Dr.  Feussner  remarks  that  a  prism  similar  in  some  respects  to 
bis  new  arrangement  was  devised  in  1869  by  M.  Jamin,t  who  used  a 
thin  plate  of  calc-spar  inclosed  in  a  cell  filled  with  bisulphide  of 

*  i.  e.  low  as  against  1  '6585  the  greater  index  of  the  calc-spar. 
t  Ck>niptes  Rendos,  Izviii.  (1869)  p.  221. 
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carbon ;  and  also  by  Dr.  Zenker,  who  replaced  the  liquid  in  M.  Jamin'B 
conBtmction  by  wedges  of  flint  glass. 

The  following  tabular  view  of  different  forms  of  polarizing  prisms 
is  taken  from  the  condusion  of  Dr.  Feussner's  paper : — 


I.  The  Old  Polabizino  Pbisms. 

1.  Niool's  prism 

2.  Shortened  Niool  prism. 

a.  Cemented  with  Canada  balsam 

b.  „  „     copiiba     „ 
8.  Nicol  with  perpendicular  ends. 

a.  With  Canada  balsam 

6.  With  cement  of  index  of  refrac- 
tion of  1*525     

4.  Foncalt's  prism        

5.  Hartnaok's  prism. 

a.  Original  form 

6.  With  largest  field     

c.  With  field  of  30<>       

d.  With  field  of  20°       

6.  Glan's  prism     

II.  Fetjssnbb's  Polarizing  Prism. 

1.  With  calc-spar :  largest  field 

2.  „  „  field  of  30° 

3.  „  „  field  of  20° 

4.  With  nitrate  of  soda  :  largest  field 

5.  „  „  „      field  of  30° 

6.  „  „  „      field  of  20° 
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Field. 


29 

13 
24 

20 

27 

8 

35 
41- 
30 
20 
7- 

44 

30 
20 
54 
30 
20 
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InclinatloD 

of  section 

in  regard 

to  long 

axis. 


22 

25 
25 

15 
15 
40 

15 

13' 

17' 

20 

50- 


9 
9 
4 
3 
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13 

17 

20 

16-7 

24 

27 


2 
4 
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Ratio  of 

length  to 

clear 

width. 


3-28 

2-83 
2-83 

3-73 
3-73 
1*528 

3-51 
4-04 
319 
2-70 
0-831 


4 

3 

2- 

8 

2 

1- 


26 
19 
70 
53 
25 
96 


Fig. 


66 

67 
67 

68 
68 
69 

70afr 
70  a  a 
70  a  0 
70  ad 
71 

70  a  a 
70  a  o 
70  ad 
72  a  a 
72a6ft78 
72  a  0 


As  an  analysing  prism  of  about  6  mm.  clear  width,  and  13*5  mnu 
long,  the  new  prism  is  stated  by  its  inventor  to  be  of  the  most 
essential  service,  and  it  would  certainly  appear  that  the  arrangement 
is  rather  better  adapted  for  small  prisms  than  for  those  of  considerable 
size.  Any  means  by  which  a  beam  of  polarized  light  of  large 
diameter— say  3  to  8^  in. —  could  be  obtained  with  all  the  con- 
venience of  a  Nicol  would  be  a  real  advance,  for  spar  of  sufficient 
size  and  purity  for  such  a  purpose  has  become  so  scarce,  and  there- 
fore so  valuable,  that  large  prisms  are  difficult  to  procure  at  all. 
So  far  as  an  analyser  is  concerned,  the  experience  of  Mr.  P.  B. 
Sleeman  would  lead  to  the  opinion  that  improvements  are  to  be 
looked  for  rather  in  the  way  of  the  discovery  of  an  artificial  crystal 
which  absorbs  one  of  the  polarized  rays  than  by  further  modifications 
depending  upon  total  reflection.  The  researches  of  Dr.  Herapath  on 
iodosulphate  of  quinine  *  are  in   this  direction ;   but  crystals  of 


*  Phil.  Mag.,  1852,  p.  161,  and  1853,  p.  346. 
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flumusT  or  cubbent  i 


tho  Bo-c»ll(xl  benpathite  reqnire  great  manipaUttTfl  skOI  for  tbeir 
prodaction.  If  these  codM  be  readil;  obtained  of  suffident  eise,  thej 
would  be  J&TKliiable  as  analyaers. 

Tbi8  opinion  is  Bupported  by  the  ezistenoe  of  an  inoonTflnienoe 
wbicb  attends  ereiy  form  of  analysing  priem.  It  is  freqaentlj,  and 
Mpecially  in  projecting  apparatus,  required  to  be  placed  at  the  focna 
of  a  Bystom  of  lenses,  bo  that  the  raja  may  cross  in  the  interior  of  tfaa 
priBm.  This  ia  an  nnfavonrable  position  for  a  prismatio  analyB^, 
and  in  tbe  case  of  a  powerfnl  beam  of  light,  Bnch  as  that  from  the 
electric  arc,  the  crosBing  of  tbe  rajs  within  the  prism  is  not  nn- 
attcndeil  with  danger  to  the  cementing  snbetanoe,  and  to  the  surfaces 
in  contact  with  it. 

Abbe's  Analysinff  Eys-pieoe.— This  (fig.  74),  deviaed  by  Prof. 
Pjg  ,j^  Abbe,  consists  of  a  Haygbenian  eje-piece  with 

.  a  donbly  refracting  prism  P  (a  calc-spar  prism 
^  achromatized  by  two  snitable  glass  prisms) 
inserted  between  tbe  eye-lens  O  and  field- 
lens  G,  and  over  the  diaphtsgm  at  B.  The 
rays  polarized  parallel  to  the  refracting  edge 
pass  throDgb  Uie  prisms  without  deriation, 
whilst  those  polarized  at  right  angles  are 
strongly  deflected,  and  are  s^ped  ofiF  by  s 
diaplmigm  over  the  eye-lens.  The  field  of  view 
remains  undiminished. 

Measurement  of  the  CiUTatnre  of  Lenses-* 
— With  very  small  lenses  the  apherometer  can- 
not be  need,  and  Prof.  R.  B.  Clifton's  method 
is  based  on  the  Newton's  rings  formed  between 
the  lens  and  a  plane  Burface,  or  a  cnrred  surface 
of  known  radius.  From  the  wave-length  of  the 
light  employed  in  observing  and  the  diameter 
of  a  ring  the  radios  of  cnrvatnre  can  be  deter- 
mined .  He  places  the  lens  on  a  plane  or  curved 
surface  under  a  Microscope,  and  lights  it  by  tbe  sodium  flame 
' — wave-length  5892  x  10~' — measures  the  approximate  diameters  of 
two  rings  a  distauco  apart  (in  practice  the  tenth  and  twentieth  rings 
are  found  convenient),  takes  tho  difference  of  their  squares,  and 
divides  it  by  the  wave-length  and  the  nomber  of  rings  in  the  gap 
between  to  find  the  radius  of  the  lens.     The  formula  is  ; — 


■\) 


where  x^  +  ,  and  at.  are  the  diameters  of  the  nth  and  (m  +  n)th  rings  ; 
k  is  the  wave-length  of  the  light,  and  p'  the  radius  of  cnrratnre  of 
the  lens.  Tbe  method  with  proper  care  gives  accurate  results.  Prof, 
Clifton  has  also  used  it  to  determine  the  refractive  index  of  Uqaids  in 

•  '  Nature,'  jljlIi..  (1883)  p.  143. 
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Bmall  quantities ;  Mr.  Bicbardson  having  found  it  for  water  =  1  *  3335 
by  this  method,  which  is  usually  correct  to  two  places  of  decimals.  It 
can  also  be  used  to  determine  if  the  lens  is  uniformly  curyed  and 
spherical. 

New  Microscopical  Journals.  —  Two  new  Journals  have  made 
their  appearance.  The  first  is  the  quarterly  '  Zoitschrift  fur  wissen- 
Bchaftlicho  Mikroskopie  und  fiir  mikroskopische  Technik/  published 
at  Brunswick,  and  edited  by  Drs.  L.  Dippel,  M.  Flesch,  A.  Wichmann, 
and  W.  J.  Behrens.  It  embraces  ''  Microscopy  "  in  its  widest  sense, 
and  includes  original  articles,  abstracts  and  reviews,  and  a  biblio- 
graphy of  microscopical  literature.  It  may  be  recommended  to  all 
microscopists  who  read  German.  The  other  is  the  bi-monthly 
'  Microscopical  Bulletin,'  published  by  Queen  and  Co.,  of  Philadelphia, 
which,  though  unpretentious,  gives  useful  information  on  micro- 
scopical subjects. 


Bausch,  E. — A  new  Condenser.    [^Post."]      The  Microscope,  IV.  (1884)  pp.  105-6. 
„        „     Eye-piecea  and  Objectives. 
[General  exptanations.]  The  Microscope,  IV.  (1884)  pp.  107-12. 

Buiisch  and  Lomb  Optical  Co.'s  Improved  **  Investigator  "  Stand. 

[Of.  I.  (1881)  p.  100.  Mirror  and  substage  now  swing  independently, 
position  of  body-raok  changed,  &o.] 

Amer,  Mon,  Micr.  Jimm.,  V.  (1884)  p.  84  (1  fig.). 
BoHN,  O.—Ueber  die  Berichtignng  des  vereinfachten  Ablese-Mikroskopes  fur 
Theilungen.    (On  the  rectification  of  the  simplified  reading  Miorosoopes  for 
graduations.    [Supra,  p.  486.] 

Zeitschr,  f.  Instntmentenk,,  IV.  (1884)  pp.  87-8. 

Bond,  G.  M. — Standards  of  Length  and  their  Subdivision. 

[Describes  the  Saxton  Yard-dividing  Gomparator,  the  Bogcrs-Bond  Universal 
Oomparator,  and  a  Ck)mparator  made  by  the  Ballon  lianafacturing 
Company  for  Professor  Anthony.] 

Joum.  Franklin  Institute,  CXVIL  (1884)  pp.  281-95,  357-67  (5  figs.). 

Bradbuby,  W. — ^The  Achromatic  Object-Kluss.    XXXII.-V. 

Engl.  AftfcA.,  XXXIX.  (1884)  pp.  93-4, 159-60,  246-7,  272  (6  figs.), 
•*  Calctlus." — Polarizer  for  the  Hicroscope. 
[Simple  contrivance  to  fit  on  tail-piece.] 

L'njjl.  Mech.,  XXXIX.  (1884)  p.  215  (1  fig.). 
CoNGDON,  E.  A. — Microscopy  one  hundred  and  fifty  years  ago. 
[Notes  on  *  Baker  on  the  Microscope,'  1740.] 

The  Microscope,  IV.  (1884)  pp.  74-6. 

D.,  E.  T. — Graphic  Microscopy. 

IV.  Pollen  of  Mallow.     V.  Peristome  of  Fumaria  hygrometrica, 

Sci.'Gossip,  1884,  pp.  73-4  (1  pi.),  97-8  (1  pi.). 

Davis,  G.  E.— [Leitz's]  Oil-immersion  Objectives. 

Micr,  News,  IV.  (1884)  pp.  131-2, 

„        „        Evenings  with  the  Microscope.    I. 

[Measuring  magnifying  power  of  objectives  and  eye-pieces,  and  testing 
corrections  of  objectives.] 

Mtcr,  News,  IV.  (1884)  pp.  132-5. 

„        „        Microscopy.  Set,  Monthly,  I.  (1883)  p.  26. 
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Flksch,  M.— Welrhe  Atmichtcn  bietet  die  Eiiifuhnmg  dee  elektriaehen  Llchta* 
in  die  Mikroakopie  ?  (What  prospect  does  the  intiodnction  of  the  electric 
light  afford  in  Microscopy  ?)    iPost,"] 

ZeitKhr,  /.  Wiu.  Mikr.,  L  (1884)  pp.  175-81. 

HAKBiif,  E.  C— Ueber  das  Zahlen  mikroskopischer  GtogenstiLnde  in  der  Botanik. 
(On  the  counting  of  microscopic  objects  in  Botany.)    rPoat] 

Zeitschr,  /.  Wiu,  Mikr.,  L  (1884)  pp.  191-210  (6  figs.). 

Hazlkwood,  F.  T. — A  home-made  revoWing  Table.    [Post.'] 

Amer,  Mon,  Micr.  J<mm,,  T.  (1884)  p.  94. 

HiTCHOOCTK,  B. — ^Neglected  Opportunities. 

[Exhortation  to  inyestigate  the  microscopic  life  of  the  oountry.] 

Amer.  Mon.  Micr.  Joum.^  V.  (1884)  pp.  95-0. 

„  „      A  New  Microscopical  Society. 

[Sarcastic  comment  on  the  announcement  of  the  establishment  of  the  Liadies^ 
Microscopical  Society  at  San  Francisco  having  been  first  sent  to  England* 
**  Trusting  the  members  will  learn  that,  although  they  may  look  to  forei^^ 
lands  for  styles  and  methods  of  personal  adornment,  when  they  oome  to 
such  a  serious  subject  as  microscopy,  their  wants  can  be  as  well  met  and 
their  fame  as  well  appreciated  in  their  own  country."] 

Amer.  Mon.  Micr,  Joum.,  V.  (1884)  p.  97. 

Jadakza,  N. — Sui  sistemi  diottrioi  compositi.    (On  compound  dioptric  systema.) 

Atti  R.  Accad.  Sci.  Torino,  XIX.  (1883)  pp.  99-117. 

Juno,  H. — Ueber  ein  neues  Compressorium.    (On  a  new  Oompressor.)    IPost.l 

Zeitschr.  f.  Wiss.  Mikr.,  I.  (1884)  pp.  248-50  (2  ^8.). 

Lancasteb,  W.  J. — Lantern  Microscope. 

[Directions  for  making.  *^  You  may  make  a  lantern  Microscope  in  half  a 
dozen  different  ways,  and  the  method  to  work  upon  will  depend  entirely 
upon  the  illumination  you  have.  Ton  state  in  query  that  you  have  the 
lime-light ;  you  could  not  have  anything  better.  Fit  up  your  Miorosoope 
in  any  form  you  like,  and  for  object-lenses  get  throe  sets  of  lenses.  A,  two 
1^  in.  focus,  both  piano,  one  1/2  in.,  the  other  8/4  in.  diameter;  B,  two 
lenses  both  1  iu.  focus,  one  3/8  in.  diameter,  the  other  5/8  in.  diameter ; 

C,  two  lenses  3/4  in.  focus,  one  1/4  in.,  the  other  1/2  in.  diameter ;  and 

D,  two  lenses  1/2  in.  focus,  one  3/16  in.,  the  other  3/8  in.  diameter. 
Mount  them  in  separate  tubes  in  each  case,  both  convex  surfaces  together, 
at  the  following  distances  apart : — A  1  in.,  B  2/3  in.,  C  1/2  in.,  D  5/16  in. ; 
then  a  stop  must  be  placed  in  front  of  each  of  the  smallest  lenses,  the 
larger  leus  going  towards  object.  The  sizes  of  stops  and  their  distances 
from  small  lenses  are  as  follows : — A,  1/8  in.  diameter,  1/2  in.  in  front : 
B,  3/32  in.,  5/16  in.;  C,  1/12  in.,  3/16  in. ;  D,  1/16  in.,  1/8  in.T 

Engl.  Mech.,  XXXIX.  (1884)  p.  152. 

LoMMEL,  E. — Spectroskop  mit  pbosphorescirendem  Ocular.    (Spectroscope  with 
phosphorescent  eye-piece.)    [Post."] 

SB.  K.  Akad.  Wiss.  Munekm,  1888,  p.  408. 

Magnifying  Powers,  Table  of;  with  Note.  Micr.  Bulletin,  I.  (1884)  p.  23. 

McGalla,  a. — The  **  ConOTess  "  Nose-piece. 

[Reply  to  Mr.  Bulloch,  ante,  p.  300,  with  woodcuts  of  his  original  design.] 

Amer.  Mon.  Micr.  Joum.,  V.  (1884)  pp.  64-5  (3  figs.),  78-9. 

The  Microscope,  IV.  (1884)  pp.  101-2. 

Mebceb,  F.  W. — A  New  Photomicrographic  Omera.     [Post.'] 

Photography  (Chicago),  I.  (1884)  pp.  9-10  (1  fig.). 

MrrcHELL,  G.  O. — A  Focusing  Glass  for  Photo-micrography.    [^Post,] 

Amer.  Mon.  Micr.  Joum.,  V.  (1884)  p.  80  (1  fig.). 

Nblson,  E.  M. — On  the  selection  and  use  of  Microscopical  Apparatus. 

[Ante,  p.  302,  repeated  here  to  give  the  following  note: — (1)  The  Boss  is 
decidedly  to  be  preferred  to  the  Jackson  form,  mainly  on  the  ground  of 
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the  saperiority  of  the  long  leVer  fine-adjoBtment  oyer  any  other.  (2) 
No  MioroBcope  is  worthy  to  be  called  a  soientiflc  instrument  unless  it 
has  a  oentering  subt^tage.  (3)  Choice  and  Aperture  of  Objectiyes,  supra^ 
p.  447.  (4)  Eyo-pieoes.  (5)  Daylight,  artificial  light,  and  incandescence 
lamp,  fuprci,  p.  447.  (6)  Condensers  (PoweU's  the  most  effective  for 
powers  beyond  1/4).  (7)  Paraboloids,  Lieberkuhns  {po9t\  Vertical 
Illuminator,  and  Micrometers.  (8)  Polarization.  (9)  Difflrantion  and 
the  diflSoulties  of  interpretation  with  objects  requiring  high  magnifi- 
cation.] 

Engl  Mech.,  XXXIX.  (1884)  p.  48. 
NoE,  L.  H. — Homogeneous  immersion. 

['*  It  seems  to  me  that  to  make  a  lens  which  shall  work  through  different 
thicknesses  of  cover-glass  equally  well  and  without  adjustment,  the 
immersion  medium  should  correspond  with  the  cover-glass,  so  that  the 
combined  thickness  of  glass  and  iinmerdion  fluid  would  always  be  the 
same  (although  the  thickness  of  each  varied)  for  an  object  in  contact  with 
the  under  side  of  the  cover."] 

Amer,  Hon,  Micr,  Joum,,  V.  (1884)  p.  79. 
**  Not  JiTS  OpnoiAK." — Theory  of  the  Achromatic  Object-glass. 
[Comments  on  O.  V.'s  articles.] 

Eng.  Mech^  XXXIX.  (1884)  p.  210. 
"  Obdebio  Vital."— The  Dialyte  and  Plate  Glass. 

Engl  MecK,  XXXIX.  (1884)  p.  215. 
Obth,  J. — Cursus  der  normalen  Histologic  zur  EinfUhrung  in  den  Oebrauoh  dee 
Mikroskopes  sowie  in  das  praotische  Studium  der  Qewerbelehre.  (Course  of 
normal  Histology  as  an  intitxluction  to  the  use  of  the  Microscope  as  well  as  to 
the  practical  study  of  Histology.)  8rd  ed.,  xii.  and  840  pp.,  108  figs.  8vo, 
Berlin,  1884. 

Peaucbllieb. — ^Note  sur  la  deformation  des  images  r^fract^  et  sur  I'aplanatisme 
d'un  syst^me  de  lentilles.  (Note  on  the  distortion  of  refracted  images  and  on 
the  aplanatism  of  a  system  of  lenses.) 

Mhn,  Soo.  8cL  Bordeaux,  V.  (1883)  pp.  327-34  (1  pi.). 

Pebaoallo,  H. — Histoire  sommaire  du  Microscope  compost  et  de  ses  rdcents 
perfectionnements.  (Compendious  history  of  the  compound  Microscope  and 
its  recent  improvements.)    8vo,  Toulouse,  1883. 

Plehk,  F. — Apparat  zur  Prilfung  der  Brennweite  des  Auges  oder  anderer 
optischer  Systeme.  (Apparatus  for  testing  the  focal  length  of  the  eye  or 
other  opticid  systems.) 

Title  only  of  German  Patent,  CL  42,  No.  1894,  Feb.  1884. 
**  Pbismatique." — Plate  Glass  for  Optical  Purposes. 

Engl.  Mech^  XXXIX.  (1884)  pp.  191-2,  281. 

Prootob,  B.  a. — Review  of  Poulsen  and  Trelease's  *  Botanical  Micro-ohemistry,' 

in  which  the  invention  of  the  achromatic  microscope-objective  is  attributed  to 

J.  J.  Lister  m  1829 1  Knowledge,  V.  (1884)  p.  231. 

PusGHEB  &  WiEDEBROLD. — Cementing  Brass  on  Glass. 

[Puscher  recommends  a  resin  soap  for  this  purpose,  made  by  boiling  1  part 
of  caustic  soda,  3  parts  of  colophonium  (resm)  in  5  parts  of  water  and 
kneading  into  it  half  the  quantity  of  plaster  of  Paris.  This  cement  is 
useful  for  fastening  the  brass  tops  on  glass  lamps,  as  it  is  verv  strong,  is 
not  acted  upon  by  petroleum,  bears  heat  very  well,  and  haioens  in  one- 
half  or  tliree-quarters  of  an  hour.  By  substituting  zinc  white,  white 
lead,  or  air-slaked  lime  for  plaster  of  Paris,  it  hardens  more  slowly. 
Water  only  attacks  the  surface  of  this  cement  Wiederhold  recom- 
mends, for  the  same  purpose,  a  fusible  metal  composed  of  4  parts  of 
lead,  2  parts  tin,  and  2}  parts  bismuth,  which  melts  at  212^  Fahr. 
The  melted  metal  is  poured  into  the  capsule,  the  glass  pressed  into 
it  and  then  allowed  to  cool  slowly  in  a  warm  place.] 

Pdyi.  NoUMait,    See  Engl  Mech,,  XXXIX.  (1884)  p.  119. 
Bexobebt,  C. — ^Anleitung  zum  Gebrauohe  des  fiiikroskops.    (Introduction  to  the 
use  of  the  Microscope.)    14  pp.  (2  figs.),  8vo,  Wien,  1883. 

Ber.  2.— Vol.  IV.  2  I 
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Scott,  G.  B.— Polarizer  for  the  Microscdpe. 

[Analyser  mounted  in  a  tabe  on  a  swivel  jast  over  the  nose-piece  so  that  it 
can  be  **  pushed  over  to  one  sideont  of  the  way  by  a  lever"  when  not  in 
use.  Polarizer  alao  mounted  on  a  short  arm  beneath  the  stage.  Micro- 
Bcopes  with  narrow  tubes  must  have  a  recess  into  which  the  analyser  can 

go] 

Engl  Mech.,  XXXIX.  (1884)  p.  173  (2  fi^.). 

Btbin,  T. — ^Die  Yerwendung  des  elektrischen  Gliihlichtes  zu  mikroskopischen 

UntersuchuDgen  und  mi^photographischen  Darstellungen.  (The  application 

of  the  electric  incandescence  light  for  microscopical  inv^igations  and  photo- 

microg^phy.)    [^Post] 

ZeiUchr.f,  Wiss,  Mikr.,  I.  (1884)  pp.  161-74  (7  figs.). 

Stowell,  C.  H.— Our  third  Annual  Soir^.     The  Microacope,  IV.  (1884)  pp.  6»-4. 

„  „        An  Editor's  Life. 

[Letter  from  a  microscopist  who  '*  finds  the  working  of  the  Microscope  very 

pleasant  employment  for  the  evening  of  life."] 

The  Microscope,  IV.  (1884)  p.  105. 

Bwammerdam,  John,  Sketch  of  his  Life  and  Researches. 

Joum,  of  Set,,  VL  (1884)  pp.  198-206. 

Tait,  p.  O.— Light    viii  and  276  pp.  and  49  figs.    [Microscope,  pp.  113-6.] 

8vo,  Edinburgh,  1884. 

YooEL,  J. — Das  Mikroskop  und  die  wissenschaftliche  Methode  der  mikro- 
skopischen Untersuchung  in  ihrer  verschiedener  Anwendung.  4th  ed.  By 
O.  Zacharias.    Lfg.  1.    Leipzig,  1884. 

Wanbohaff,  J. — Ueber  eine  neue  Methode  zur  Anfertigung  sehr  langer  Mikro- 
meter-schrauben.  (On  a  new  method  of  constructing  very  long  micrometer 
screws.    [P<w<.]  ZeUachr,  /.  Irutrumentenk.,  IV.  (1884)  pp.  166-9. 

Ward,  B.  H. — An  Eye-shade  for  Monocular  Microscopes.    [Pos^] 

Amer,  Man,  After,  Joum.,  V.  (1884)  pp.  82-3  (1  fig.). 
Wabsell,  H.  a. — Plate  Glass  for  Optical  Purposes. 

Engi.  Mech,,  XXXIX.  (1884)  pp.  170-1. 
Wdederhold.— See  Puscher. 

Zachabias,  O. — See  Vogel,  J. 


/3.  Oollecting,  Mounting  and  Examining  Objects,  &c. 

Dissection  of  Aphides.* — G.  B.  Bnckion  says  that  <<  in  the  dissection 
of  Aphides  much  assistance  may  be  often  got  by  a  selection  of 
liquids.  Some  of  these  are  best  suited  for  the  purpose  of  hardening 
the  tissues,  so  that  they  may  bear  separation  ana  tearing  asunder 
without  their  destruction.  Others  are  used  for  colouring  the  trans- 
parent organs,  so  as  to  make  them  more  visibla  These  organs  of 
Aphides  are  so  delicate  that  pure  water  will  in  a  great  measure  destroy 
them.  In  such  cases  a  weak  solution  of  common  salt,  or  very  dilute 
glycerine,  or  sugar  and  water,  or  albumen  and  water,  all  of  which 
should  nearly  approach  the  density  of  the  juices  of  the  insect,  will  be 
found  a  considerable  help. 

Some  Aphides  are  so  large,  so  full  of  liquid,  and  so  charged  with 
oil-globules  that  some  treatment  is  necessary  to  reduce  their  bulk, 
and  to  allow  of  a  sufficiently  thin  stratum  of  balsam  for  mounting. 

In  such  cases  the  Aphides  may  be  placed  in  spirits  of  turpentine, 
and  just  raised  to  the  boiling-point  in  a  small  test-tube.  After  soaking 
in  the  turpentine  for  a  few  hours,  all  the  oil-globales  will  be  removed. 


*  ( 


Monograph  of  tlie  British  Aphides,*  iv.  (1883)  pp.  193-^. 
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and  the  insect  by  this  treatment  will  haye  become  transparent,  and  the 
aqueous  parts  will  not  then  chill  the  balsam. 

To  prepare  Aphides  for  dissection,  liquids  may  be  divided  into 
those  used  for  hardening  the  tissues  and  those  employed  for  colouring 
the  same.  For  hardening,  a  digestion  for  several  hours  in  weak 
alcohol  will  be  of  advantage.  The  alcohol  must  not  be  too  strong,  or 
the  albuminous  portions  will  be  coagulated  and  become  too  opaque. 

Weak  acetic  acid  will  render  some  portions  tough,  and  the  same 
action  is  also  well  effected  by  a  weak  solution  of  phosphoric  or  of 
nitric  acid. 

The  action  of  ordinary  ether  upon  Aphides  is  not  well  understood. 
Their  bodies  are  speedily  destroyed  by  plunging  them  into  the  liquid. 
At  the  same  time  a  considerable  stream  of  air-bubbles  contained  in  the 
trachete  is  expelled,  and  of  such  a  volume  as  would  lead  to  the  suppo- 
sition that  much  of  this  air  must  be  in  some  state  of  solution  in  the 
body-juices. 

The  reaction  of  weak  potash  has  been  before  noted.  As  a  rule,  the 
germinal  matter  resists  its  action  for  a  considerable  time.  Simulta- 
neously this  reagent  usually  stains  it  a  bright  gamboge  yellow.  In 
some  genera  (notably  Sachuua  and  Drycbius)  potash  deepens  very 
markedly  the  violet  dye  natural  to  these  Aphides.  In  other  cases  I 
have  found  potash  to  evoke  the  violet  shade  from  specimens  otherwise 
colourless.  This  dye  is  fugitive,  and  if  discharged  by  an  acid,  cannot 
be  again  recovered  by  the  action  of  an  alkali.  Soda  and  ammonia  also 
bring  out  this  colour. 

Advantage  may  be  taken  of  the  fact  that  there  is  a  certain  order  in 
which  the  tissues  resist  the  intrusion  of  a  foreign  matter  such  as  a 
dye.  Thus  the  germinal  and  most  vitally  endowed  organs  reject  dyeing  by 
carmine,  logwood,  and  such  coal-colours  as  magenta ;  whilst  the  portions 
in  process  of  exfoliation  and  decay  absorb  it  the  most  readily.  For  such 
purposes,  weak  alcohol  may  be  made  slightly  alkaline  by  ammonia, 
and  tinged  with  a  little  carmine  or  cochineal  solution.  Dilute 
chromic  acid  both  tinges  the  tissues  yellow  and  renders  them  tough. 
Solutions  of  osmic  acid  also  may  be  used  with  advantage,  and,  in  short, 
the  usual  reagents  employed  for  conducting  minute  anatomy  may  be 
taken  with  due  circumspection  and  tenderness. 

For  labelling  specimens,  paste  will  be  found  much  more  adherent 
than  gum.  The  former  may  be  preserved  for  some  months  in  a  well- 
closed  bottle,  if  a  little  aqueous  solution  of  corrosive  sublimate  be 
stirred  into  it." 

Transmission,  Preservation,  and  Mounting  of  Aphides.* — O.  B. 
Buckton  gives  the  results  of  his  experience  as  to  the  best  mode  of 
transmitting  living  Aphides,  and  also  the  best  method  for  killing  and 
preserving  such-l£ke  msects  for  future  examination. 

As  to  transmission,  the  chief  thing  to  be  guarded  against  is  desic- 
cation, and  no  plan  seems  to  be  so  successful  as  their  inclosure  in 
ordinary  quills  stopped  by  plugs  of  cork  or  pellets  of  beeswax.  The 
substance  of  the  quill  is  sufficiently  porous  to  prevent  mildew  on  the 

*  'Monogiaph  of  the  British  Aphides,'  iv.  (1883)  pp.  188-93. 
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one  hand  and  a  rapid  eTaporation  on  the  other.  In  this  way  smaO 
inBects  may  be  sent  throngfa  the  post,  and  in  a  &r  better  oooditioii 
than  can  be  aecored  in  any  tin  boxes,  eren  though  they  be  filled  with 
leaTes.  If  a  slip  of  tome  snocnlent  leaf  be  loUed  lomid  eaeh  qidll,  to 
retain  moiatore,  a  bundle  will  conreniently  pass  through  the  post. 

For  preeerration  pother  than  on  a  slide)  the  best  plan  is  to  drop 
the  insects  into  small  flattened  glass  tobes  partially  filled  with  a 
suitable  liqoid,  then  draw  the  tube  to  a  fine  point,  break  the  end  oS, 
and  warm  the  empty  space  (or,  better,  expel  the  air  by  a  pomp),  and 
the  tube  can  be  entirely  filled  with  liquid,  and  then  sealed  irhh  the 
blowpipe. 

For  mounting  microscopically,  fiye  or  a  dosen  spots  of  fluid 
Canada  balsam  should  be  dotted  on  a  slide  from  the  head  of  a  pin, 
and  by  means  of  a  hair  pencil  as  many  living  insects  transferred  to 
them.  **  The  specimens  at  once  adhere,  and  if  the  spots  are  small 
the  insects  spread  ont  their  limbs  naturally,  with  a  view  to  escape. 
They  may  be  fixed  on  their  backs  or  otherwise,  according  to  the  fiews 
desired. 

A  very  thin  glass  coyer,  or,  if  Tory  high  magnifying  powers  are 
wanted,  a  small  disk  of  clear  mica,  is  laid  orer  iiie  insects,  and  then 
one  or  more  drops  of  the  fluid  balsam  are  deHrered  from  a  glass  rod 
at  one  of  the  sides  of  these  corers.  The  balsam  runs  slow^  under 
by  capillarity,  and  it  drires  all  the  air  before  it,  the  small  weight  of 
the  cover  assisting  it  to  spread,  until  the  whole  area  is  filled.  No 
pressure  is  to  be  used,  or  the  elastic  bodies  of  the  Aphides  will  change 
shape ;  and  besides  this,  the  juices  will  be  forcea  throng  the  cor- 
nicles and  pores.  If  the  balsam  is  thick,  a  very  gentle  heat,  hardly 
exceeding  that  of  the  cheek,  may  be  applied,  but  as  a  rule  the  tempera- 
ture of  a  room  is  better  than  that  which  exceeds  it.  The  insects  die 
immediately  they  are  cut  off  from  air,  and  in  almost  eveiy  case  their 
position  will  be  good  for  examination.  To  spread  the  wings  of  a 
small  insect,  the  above-mentioned  small  dots  may  be  made  in  a  row. 
The  belly  of  the  specimen  is  applied  to  the  middle  spot,  and  by  a 
bristle  one  wing  may  be  applied  to  the  dot  on  the  one  side,  and  the 
other  wing  to  the  third  dot.  The  cover  is  then  placed  as  before,  and 
when  the  balsam  runs  in  it  will  not  disturb  the  position  of  the  spread 
wings. 

It  will  be  noticed  that  very  soon  after  live  insects  have  been 
mounted  in  a  resinous  substance  that  will  not  mix  with  water,  a  white 
cloudiness  forms  around  each  specimen.  This  is  caused  by  the 
watery  juices  of  the  insect,  which  '  chill '  the  medium  and  make  it 
opaqne. 

This  cloudiness,  however,  entirely  disappears  after  perhaps  a 
month,  the  moisture  being  carried  slowly  outwards.  The  same  is  to 
be  said  of  stray  air-bubbles.  The  oxygen  of  the  air  unites  with  the 
balsam,  and  thus  hardens  it ;  but  what  combination  is  effected  with 
the  nitrogen  is  not  so  clear.  However,  air-bubbles  in  balsam  disappear 
in  time,  provided  the  former  is  not  in  too  hard  a  condition. 

In  oases  when  the  above  small  pressure  is  undesirable,  small 
circles,  cut  by  round  punches  of  different  sizes  out  of  very  thin  sheet 
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lead,  will  be  fonnd  more  conyenient  te  insert  between  the  glass  slip 
and  its  coyer  than  circles  of  card,  which  are  sometimes  recommended. 
The  thin  sheet  lead  from  the  Chinese  tea-chests  is  very  suitable  for 
punching,  and  as  it  is  not  porous  like  card,  it  yields  no  air-bubbles 
by  heat. 

D.  Yon  Schlechtendal  has*  described  a  method  by  which  it  would 
appear  that  all  the  characters  of  form  and  colour  (?)  may  be  presented 
in  Aphides  and  other  insects.  The  method  consists  of  a  rapid  death 
and  drying  of  the  insect  by  means  of  a  current  of  heated  air.  The 
Aphis^  preyiously  attached  to  some  suitable  support,  is  suddenly  and 
momentarily  subjected  to  the  heat  of  a  spirit  or  other  flame,  by  which 
it  is  immediately  killed  and  caused  to  retain  its  natural  position. 
Seyeral  examples  are  then  carefully  roasted  in  a  current  of  hot  air, 
such  as  that  passing  through  an  inclined  glass  tube  duly  made  hot, 
or  dried  on  a  sheet  of  paper  moved  oyer  a  heated  metal  plate. 

When  dry,  the  specimens  are  mounted  on  card  by  attachment 
with  gum  tragacanth ;  or,  as  Mr.  T.  W.  Douglas  suggests,  more  con- 
veniently on  mica,  called  ^  talc,'  in  the  shops,  which,  as  it  is  incom- 
bustible, is  well  suited  for  a  support  both  before  and  after  drying. 

This  method  is  vouched  for  as  good  by  Drs.  Qiebel,  Taschenburg, 
Mayr,  and  Rudow. 

I  have  not  tried  this  roasting  process,  but  it  must  require  some 
address  to  prevent  the  shrivelling  of  wings  in  such  delicately-formed 
insects,  and  to  provide  against  the  bursting  action  of  the  boiling 
juices. 

A  more  complete  history  of  the  process  than  the  foregoing  was 
given  by  Mr.  Douglas  in  ISTS.f 

M.  Lichtenstein  has  many  times  been  good  enough  to  forward  in 
letters  to  me  preparations  of  Aphides  which  have  been  secured 
between  two  films  of  mica.  The  insects,  he  explains,  are  immersed 
in  a  solution  of  resin  in  turpentine,  '  a  natural  amber,'  and,  when  all 
are  in  due  position,  the  mica  films  are  placed  over  apertures  in  card, 
and  then  gummed  papers,  similarly  perforated,  are  pressed  upon  them. 
This  arrangement  secures  all  in  their  places. 

Methods  and  operations  in  science,  like  events  in  history,  repeat 
themselves.  Fifty  years  ago  films  of  mica  were  used  to  cover  objects 
for  the  Microscope,  and  before  the  manufacture  of  the  thin  glass  now 
so  commonly  used,  it  admirably  answered  its  purpose.  Under  deep 
magnifying  powers,  such  as  1/12  in.,  it  will  be  found  even  now  of 
great  service.  The  mineral  may  be  split  by  the  lancet  into  films 
much  thinner  than  glass  can  be  blown  in  a  flat  state.  Small  un- 
scratched  pieces  may  be  selected  which  are  perfectly  transparent,  and 
their  cost  is  quite  trifling. 

On  account  of  the  high  refracting  power  of  Canada  balsam,  the 

colours  of  recently-immersed  Aphides  show  themselves  very  brightly; 

and  it  sometimes  happens  that  tints,  quite  lost  through  irradiation  or 

glance  on  the  surfaces,  become  distinct  by  treatment  with  this  resin. 

The  bright  colours  and  markings  of  some  species  are  due  to  the 

*  EntomoU  Naebrioh.,  iv.  p.  155. 
t  Entomol.  Mon.  Hag.,  xy.  p.  l&l. 
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hue  of  iho  internal  jnices  of  the  insects.  These  cannot  be  preserYed 
by  balsam,  but  it  is  otherwise  with  the  pigments  which  stain  the 
somewhat  homy  ooTerings  of  the  thorax  and  abdomen.  These  oolonrs 

are  persistent." 

Breckenfeld's  Method  of  Mounting  Hydns.* — A.  H.  Breckenfeld 
describes  the  following  process  as  accomplishing  the  desired  end 
more  perfectly  than  any  other  published. 

Have  in  readiness  a  slide  upon  which  a  well-dried  cell  of  sufficient 
depth  has  been  turned.  Then,  from  a  gathering  of  Hydrti,  transfer  a 
sufficient  number  of  individuals  (the  more  fully  deToloped  the  bett^) 
Tery  carefully,  by  means  of  a  camel's  hair  brush  or  a  pipette,  to  a  drop 
of  water  spread  near  the  end  of  a  plain  glass  slide,  and  place  the 
latter  upon  a  table  in  such  a  way  that  the  end  with  the  drop  projects 
about  two  inches  over  the  edge.  This  is  easily  done  by  placing  a 
weight  upon  the  opposite  end.  After  allowing  the  slide  to  remain 
perfectly  undisturbed  for  three  or  four  minutes,  hold  a  lighted  ooal-oil 
lamp  so  that  the  top  of  its  chimney  is  very  near  the  slide,  but  a  trifle 
above  it  The  Hydrce  will  then  appear  brightly  iUuminated,  and  it 
can  easily  be  determined  by  the  unaided  eye  whether  or  not  their 
tentacles  are  fully  extended.  If  they  are,  quickly  move  the  lamp 
directly  under  the  drop,  with  the  top  of  the  chimney  about  an  inch 
beneath  the  slide,  and  hold  it  in  that  position  for  about  8-5  seconds, 
the  exact  time  depending  principally  upon  the  intensity  of  the  heat. 
Then  quickly  remove  the  slide  and  place  it  upon  a  slab  of  marble  or 
metal.  When  cool,  pour  the  drop  containing  the  zoophytes  into  the 
prepared  cell  on  the  slide  which  has  been  held  in  readiness,  add  a 
drop  or  two  of  a  suitable  preservative  fluid,  arrange  the  animal s,  if 
necessary,  by  means  of  a  needle  or  camel's  hair  brush  (using  very 
great  care,  however,  as  the  tentacles  will  be  destroyed  by  the  least 
rough  handling),  cover  with  thin  glass,  and  finish  as  in  the  case  of 
any  fluid  mount. 

This  ^*  hot  water  **  process  seems  to  succeed  peculiarly  well  with 
the  brown  Hydra  {H,  vulgaris). 

Cell-sap  Crystals-t — Crystals  of  the  colouring  material  present  in 
the  petals  and  other  portions  of  plauts  are  by  no  means  common  or, 
as  a  rule,  easy  to  obtain ;  and  G.  Pirn  thinks  it  may  therefore  interest 
some  to  know  that  the  rich  violet-coloured  cell-sap  in  the  flower  of 
Justicia  speciosa,  a  common  and  easily-grown  stove-plant,  crystallizes 
very  easily  into  minute  slender  prisms.  To  obtain  them  it  is  only 
necessary  to  mount  a  fragment  of  the  flower-stamen  for  choice,  in 
dilute  glycerine  jelly,  not  too  hot,  without  any  previous  treatment ; 
after  a  few  hours  the  colouring  material  collects  into  a  few  cells,  in 
the  form  of  the  crystals  above  mentioned,  forming  a  very  pretty  and 
interesting  object  for  a  1/4  in.  objective. 

Staining  for  Microscopic  Purposes.} — H.  Gierke  contributes  a 
paper  on  this  subject.     In  the  first  part,  after  an  excellent  introduc- 

•  Amer.  Mon.  Micr.  Joum.,  v.  (1884)  pp.  49-50. 
t  Journ.  of  Bot.,  xxii.  (1884)  p  124. 

i  Zeitechr.  f.  Wigs.  Mikroskopie,  i.  (1884)  pp.  62-100.    Soc  Bot  Cectralbl., 
xvui.  (1884)  p.  52. 
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tion,  the  writer  giyes  an  historical  review  of  the  application  of  micro- 
chemical  methods  of  staining,  giving  special  attention  to  the  carmine- 
pigments.  The  earliest  experiments  on  microscopic  staining  with 
carmine  for  the  purpose  of  a  ready  differentiation  of  tissues  were 
made  by  Goeppert  and  Cohn.  More  extended  investigations  on  the 
capability  of  the  various  elements  of  vegetable  tissues  to  fix  carmine 
shortly  followed  by  B.  Hartig.  In  animal  histology,  carmine 
staining  was  first  employed  by  Gerlach  (1858).  Further  contributions 
to  its  application  were  made  especially  by  Maschke,  Thiersch,  Beale, 
BoUen,  Qwancher,  Hoyer,  Gzokor,  Banvier,  and  others.  Boference  is 
further  made  to  the  cultivation  of  cochineal,  and  to  the  most  con- 
venient methods  of  obtaining  carmine  for  technological  purposes,  and 
its  application  as  a  staining  material  in  the  form  of  ammonium  car- 
minate,  and  carmine  acetate.  The  author  convinced  himself  by  ex- 
periments that  old  preparations  of  ammonium  carminate,  which  contain 
a  certain  quantity  of  ammonium  carbonate,  stain  better  than  fresh 
solutions.  Finally,  a  shorter  reference  is  made  to  the  aniline-dyes, 
hfematoxylin,  indigo-carmine,  and  picro-carmine. 

The  second  part  includes  a  chronological  and  tabular  account  of 
the  literature  of  the  subject,  especially  with  regard  to  the  following 
staining  materials:— (1)  carmine;  (2)  hfematoxylin;  (3)  ammonium 
molybdate ;  (4)  alizarin  and  purpurin ;  (5)  alcanna  and  lakmus ;  (6) 
sodium  indigo-sulphate  (indigo-carmine). 

Mode  of  annonncing  new  Methods  of  Beaotion  and  Staining.* 
— E.  Giltay  calls  attention  to  the  fact  that  the  publication  of  new 
methods  of  reaction  is  often  made  without  sufficient  precision  for 
others  to  be  able  readily  to  form  a  judgment  on  their  applicability 
for  the  special  purpose.  In  the  description  of  the  application 
of  a  reagent,  at  least  one  mode  of  preparing  it  ought  to  be  accu- 
rately described,  such  expressions  as  *'  somewhat,"  '*  a  little,"  "  a 
short  time,"  and  such  like,  should  be  avoided,  and  replaced  by  exact 
statements  of  weight  and  time.  In  the  case  of  little  known  sub- 
stances, the  chemical  formula — intelligible  in  all  languages — should  be 
appended.  The  descriptions  of  colours  should  be  as  correct  as 
{Kxssible,  with  reference  to  all  influencing  circumstances,  and  should 
be  based  on  some  definite  colour-scale,  such  as  that  of  Ghevreul's 
*  Des  Couleurs.' 

Pure  Garminio  Acid  for  Staining.f — G.  Dimmock  has  often  won- 
dered why  naturalists  use  carmine  solutions  in  which  water,  with  some 
caustic  or  destructive  material  added,  is  the  principal  solvent. 
Garmine  of  commerce,  it  is  true,  is  not  readily  soluble,  even  in  water, 
until  ammonia,  borax,  or  some  other  aid  to  solution  is  added ;  but  car- 
minic  acid,  the  basis  of  the  colouring  matter  of  carmine,  has  long  been 
stated  in  the  leading  chemical  dictionaries  and  handbooks  to  be 
readily  soluble  in  water  and  in  alcohol.  Watts  (Diet.  Ghem.,  1872, 
1st  suppl.,  p.  413)  says  of  carminic  acid : — **  This  acid  forms  a  purple 

*  Zeitschr.  f.  Wiss.  Mikroskopie,  i.  (1884)  pp.  101-2. 
t  Amer.  Natural,  xviii.  (1884)  pp.  824-7. 
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maaB,  fusible  and  soluble  in  all  proportions  in  water  and  in  alcoliol. 
Snlphnric  and  hydrochloric  acid  dissolTo  it  without  alteration.     It 
bears  a  heat  of  136''  0.  without  deoompomtion."    Earlier  still  Watts 
(Diet.  Chem^  i.  1863,  p.  804)  says:—*'  The  fine  red  pigment  known  in 
commerce  as  carmine  is  prepared  by  treating  a  solution  of  oochineal 
with  cream  of  tartar,  alum,  or  acid  oxalate  of  potassium.    The  itMj  and 
albuminous  matters  then  coagulate  and  carry  down  the  oolonring 
matter  with  them."    Now  in  preparing  most  carmine  solutions  this 
precipitation  takes  place,  and  the  carmine,  hamna  greater  cohesiYe  (not 
chemical)  affinity  for  impurities  of  animal  origin  than  for  alcohol,  its 
solution  18  not  readily  accomplished  by  that  medium,  nor  indeed  by 
water.    In  preparing  carmine  solution  for  histological  purpoaes  by 
some  of  the  published  recipes,  more  than  one-half  of  the  colouring 
matter  of  the  carmine  is  lost  in  the  refuse  left  upon  the  filter 
paper. 

There  are  two  ways  commonly  in  use  for  preparing  carminic  acid. 
The  first  mode  is  that  of  De  hi  Bue,  which  Watts  (Diet  Ohem.,  L  1863, 
p.  804)  gires  as  follows : — **  To  separate  canninic  acid,  cochineal  is 
exhaust^  with  boiling  water ;  the  extract  is  precipitated  by  subacetate 
of  lead  slightly  acidulated,  care  being  taken  not  to  add  the  lead-solu- 
tion in  excess  ;  the  precipitate  is  washed  with  distilled  water  till  the 
wash-water  no  longer  gives  a  precipitate  with  a  solution  of  mercuric 
chloride,  then  decomposed  by  sulphuretted  hydrogen ;  the  filtrate  is 
evaporated  to  a  syrupy  consistence  and  dried  over  the  water-bath  ;  and 
the  dark  purple  product  thus  obtained  is  treated  with  alcohol,  which 
extracts  ^e  carminic  acid."  The  second  mode  is  that  of  C.  Schaller  and 
is  given  by  Watts  (Diet  Chem.,  1st  suppl.,  1872,  p.  413)  as  follows : — 
*'  Thaller  prepares  this  acid  by  precipitating  the  aqueous  extract  of 
oochineal  with  neutral  lead  acetate  slightly  acidulated  with  acetic  acid  ; 
decomposing  the  washed  precipitate  with  sulphuric  acid ;  again  pre- 
cipitating the  filtrate  with  lead  acetate,  and  decomposing  the  precipi- 
tate with  hydrogen  sulphide.  The  filtered  solution  is  evaporated  to 
dryness;  the  residue  dissolved  in  absolute  alcohol;  the  crystalline 
nodules  of  carminic  acid  obtained  on  leaving  this  solution  to  evaporate 
are  freed  from  a  yellow  substance  by  washing  with  cold  water,  which 
dissolves  only  the  canninic  acid ;  and  the  residue  left  on  evaporating 
the  aqueous  solution  is  recrystallized  from  absolute  alcohol  or  from 
ether." 

Schaller's  mode  of  preparation  gives  purer  carminic  acid  than  De 
la  Rue's,  but  either  kind  is  sufficiently  pure  for  histological  purposes. 
The  precipitation  by  lead  acetate  and  the  dissolving  in  iJcohol  tree  the 
carminic  acid  from  animal  impurities,  and  the  consequence  is  a  purer 
form  of  pigment  than  can  be  extracted  by  any  process  hi&erto 
employed  for  the  preparation  of  carmine  for  histological  purposes. 

It  is  unnecessary  to  explain  to  naturalists  the  advantages  of  alco- 
holic solutions  of  carmine  over  aqueous  ones.  The  alcoholic  solution 
colours  preparations  much  quicker  than  the  aqueous  solution  does  ; 
for  colouring  sections,  the  author  employs  a  solution  of  0*25  gr.  car- 
minic acid  to  100  gr.  of  80  per  cent,  alcohol,  and  leaves  sections  in  the 
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solution  from  two  to  five  miDutes.  A  solution  of  equal  carmine 
strength  but  in  absolute  alcohol  can  be  employed  ;  it  has,  however,  no 
special  advantages,  since  with  the  80  per  cent,  alcoholic  solution  the 
sections  can  be  washed  directly  in  absolute  alcohol,  and  then  put  into 
oil  of  cloyes  or  turpentine.  Colouring  in  the  piece  before  sectioning 
neyer  takes  as  long  with  alcoholic  carminic  acid  as  it  does  with  ordi- 
nary carmine  solutions,  and  if  it  did  take  long  the  strong  alcohol  would 
preserve  the  tissue  from  maceration.  In  colouring  pieces  of  mollusoa, 
or  of  other  equally  slimy  animals,  the  slime  should  be  removed 
beforehand,  or  the  staining  will  be  unsatisfactory,  because  the  slime 
congealing  in  the  alcohol  takes  up  the  colouring  matter,  forming  an 
almost  impervious  coloured  layer  on  the  outside  and  leaving  the 
inside  of  the  piece  nearly  uncoloured. 

Some  preparations  coloured  in  alcoholic  carminic  acid  and  then 
put  up  in  glycerine  lost  their  colour  in  a  few  months,  the  colour 
seeming  to  be  entirely  diffused  in  the  glycerine,  while  similar  prepara- 
tions mounted  in  Canada  balsam  retained  their  colour  perfectly.  The 
author  does  not  know  if  this  fiEbding  would  occur  with  preparations 
coloured  with  alcoholic  ammonic  carminate,  or  even  if  tiiis  diffusion 
was  not  due  to  some  impurity  of  the  glycerine  (of  the  purity  of  which 
he  was  doubtful) ;  time  to  test  this  matter  further  failed. 

An  alcoholic  ammonic  carminate,  or  ammonia  carmine,  can  be  pre- 
pared, at  a  moment's  notice,  from  alcoholic  carminic  acid,  by  adding 
anmionia  drop  by  drop,  and  stirring  until  the  entire  solution  changes 
from  its  bright  red  to  purple  red.  By  this  mode  pure  alcoholic 
ammonic  carminate  can  be  produced  with  no  excess  of  ammonia,  and 
at  any  time.  As  the  carminic  acid  can  be  preserved  dry  without 
decomposition,  and  dissolves  quickly  in  alcohol,  one  can  carry  the 
ingredients  of  a  carmine  solution  in  the  vest  pocket  without  incon- 
venience. 

In  making  and  using  alcoholic  carminic  acid  pure  alcohol  and 
distilled  water  give  the  best  results,  because  a  portion  of  the  carminic 
acid  is  converted  to  carminates  by  the  salts  of  impure  water.  In 
making  alcoholic  ammonic  carminate  this  precaution  is  not  as  neces- 
sary, because  the  colour  of  the  carminates  produced  by  the  impurities 
of  the  water  is  so  nearly  like  that  of  ammonic  carminate. 

Alcoholic  carminic  acid  may  be  used,  as  Grenacher's  carmine  solu- 
tion is  used,  to  colour  sections  from  which  the  colour  is  to  be  afterwards 
partly  extracted  by  very  dilute  hydrochloric  acid,  leaving  nuclei  red. 
Another  way  to  use  carmine  solutions,  which  is  especially  applicable 
to  alcoholic  carminic  acid,  is  to  precipitate  the  carmine  in  the  tissues 
by  some  salt,  the  carminate  of  the  base  of  which  gives  a  desired 
coloration.  For  example,  specimens  hardened  for  a  moment  under 
the  cover-glass  with  an  alcoholic  solution  of  corrosive  sublimate  (mer- 
curic chloride)  and,  after  washing  with  alcohol,  coloured  in  alconolic 
carminic  acid,  take  a  fine  colour  of  mercuric  carminate.  So,  too, 
specimens  coloured  in  alcoholic  carminic  acid  can  be  changed  by  a 
few  moments'  treatment  with  a  very  dilute  alcoholic  solution  of  lead 
acetate  or  cobalt  nitrate  to  a  beautiful  purple.   Sometimes  salts  in  the 
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'iflsnes  of  the  animals  change  portions  of  the  oarminic  add  to  puxple 
carminates,  giving  a  doable  coloration  without  further  treatment. 

Picric  acid  added  to  alcoholic  carminic  acid  in  extremelj  small 
quantities  (best  in  a  dilate  alcoholic  solution,  testing  the  solution  on 
specimens  after  each  addition)  makes  a  doable  alcoholic  colouring 
fluid  (a  so-called  picro-carmine).  The  author  has  been  unable  thus  far 
to  determine  the  proportion  of  picric  acid  required  for  this  solution, 
haring  in  every  case  added  an  excess.  All  different  kinds  of  carmine 
solutions  can  be  made  from  carminic  acid  with  the  adfantage  of  haying 
always  uniform  strength,  of  being  definite  mixtures,  and  of  not 
spoiling  as  readily  as  those  made  directly  from  cochineal. 

Incompatible  reagents  with  carminic  acid  are,  of  course,  all  alka- 
line solutions  and  nearly  all  metallic  salts ;  with  ammonic  carminate, 
are  naturally  all  acids ;  with  all  carmine  solutions,  are  bromine  and 
chlorine. 

Hojer's  Picro-Carmine,  Carmine  Solution,  and  Carmine  Powder 
and  Paste.* — Hoyer  proposed  t  an  improved  pioro-oarmine  made  by 
dissolving  his  carmine  powder  in  a  concentrated  solution  of  neutral 
picrate  of  ammonia.  P.  Francotte  points  out  that  picrate  of  ammonia 
is  a  substance  which  it  is  not  possible  to  have  constantly  at  hand,  and 
he  has  therefore  modified  Beyer's  preparation  in  the  following 
manner : — Dissolve  1  gr.  of  carmine  in  from  5  to  7  c.cm.  of  concen- 
trated ammonia,  diluted  with  the  same  amount  of  water ;  in  50  cxun. 
of  distilled  water  dissolve  (warm)  1/2  gr.  of  picric  acid  ;  mix  the  two 
solutions  and  dilute  so  as  to  make  100  ccm.  Then  add  to  the  liquid 
thus  obtained  1  gr.  of  chloral  hydrate.  If  any  free  anmionia  remains, 
gently  warm  in  a  water-bath  to  drive  away  the  excess,  or  allow  the 
alkali  to  volatilize  by  exposing  the  liqui4  ^  ^®  ^P^^  '^^  This 
solution  lasts  a  long  time  without  changing. 

M.  Francotte  also  supplements  Prof.  Hoyer's  description  of  his 
process  for  obtaining  carmine  solution,  t  The  latter  directs  chloral 
hydrate  to  be  added  to  the  neutral  liquid  to  keep  it,  but  does  not  state 
the  quantity  to  be  used.  M.  Francotte  forms  a  carmine  solution  of 
10  c.cm.  by  the  addition  of  distilled  water,  to  which  is  added  1  gr.  of 
chloral  hydrate. 

If  a  paste  is  required  instead  of  a  powder,  Prof.  Hoyer  directs  it 
to  be  made  with  alcohol,  glycerine,  and  chloral,  but  does  not  give  the 
quantities.  M.  Francotte  uses  to  1  gr.  of  carmine,  2  ccm.  of  alcohol, 
2  c.cm.  of  glycerine,  and  1  gr.  of  chloral. 

Dry  Injection-masses. — Prof.  H.  Fol  writes  that  the  red  gelatine 
vermicelli  mentioned  at  p.  812  (carmine  emulsions)  should  be  pressed 
out  into  slightly  acidulated  water  (1  part  acetic  acid  to  1000  parts 
water).     The  carmine  will  otherwise  be  washed  out. 

Imbedding  Diatom8.§— R.  Hitchcock  suggests  a  plan  for  imbed- 
ding diatoms  from  fresh  gatherings.     It  is  to  prejpare  an  artificial 

•  Bull.  8oc.  Belg.  Mior.,  x.  (1884)  pp.  75-7. 

t  See  tbifl  Journal,  ill.  (1883)  p.  142. 

X  Ibid.,  p.  141. 

§  Amer.  Mon.  Micr.  Journ.,  v.  (1884)  pp.  54-5. 
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calcftreons  rock  from  a  mixture  of  finely-eroDnd  lime  and  cUy, 
makiog  a  kin  j  of  hydranlic  oement,  with  which  the  diatoms  ma;  be 
mingled.  When  this  hardone,  the  sections  may  be  cut,  and  isolated 
bf  treatment  with  diluted  hydrochloric  acid.  The  large  Pinmdaria 
is  a  good  species  to  hegin  with. 

Zentmayer's  Hew  Centering  Turn-table.*— The  tom-table  repre- 
sented in  fig.  75  is  the  invention  of  Mr.  J.  Zentmayer.  The  plan  of 
centering  the  slide  is,  it  is  claimed,  qnite  original  and  perfect  in  its 


results.  The  slide  is  placed  so  that  its  edges  are  in  contact  with  the 
two  pins  projecting  from  the  face  of  the  plate.  A  ring  with  an  otbI 
inner  edge  is  fitted  to  the  periphery  of  the  diet,  in  saoh  a  way  (hat 
by  tnming  it  the  slide  is  grasped  at  the  diagonally  opposite  oomera 
b;  the  inner  edge  of  the  ring,  and  is  thus  centered  longitudinally. 
The  two  pins  centre  it  the  other  way.  The  ring  may  be  easily 
removed,  and  spring  clips  snbatitntod  when  desirable. 

Fhoiphomi  Kotints.— It  was  recently  stated  f  that  diatoms 
mounted  in  phosphoras  sulution  cannot  be  kept  for  any  time.  This 
is  not  BO.  Mr.  J.  W.  fitephenson  has  slides  mounted  several  years  ago 
(one  in  1873),  which  are  as  good  now  as  at  first  All  that  is  necessary 
is  to  avoid  long  exposure  to  daylight  which  tarns  the  diatoms  an 
opaque  red. 

Styrax. — On  testing  this  medium  (as  supplied  by  Allen  and 
Hanbury)  with  the  refractometer,  its  refractive  index  is  found  to  be 
1-586  very  nearly.  It  has  so  much  colour  that  it  is  difficult  to 
determine  the  third  docimal  with  accuracy. 

If  we  take  the  index  cf  diatomaceone  silex  to  be  1-43,  and  of 
Canada  balsam  l'S2,  it  is  soon  that  styrax  gives  a  marked  increase  of 
visibility  over  balsam,  for  while  balsam  is  only  9,  styrax  is  more 
than  15. 
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A.  G.  Cole  *  considerB  gnm-styrax  to  be  a  ^^ perfect  substitate  for 
balsam,"  that  it  *'  yields  the  best  possible  resalts,*'  and  that  it  ^  may 
be  considered  absolutely  permanent  and  unalterable."  The  styraz 
solution  is  **  eyen  easier  to  work  with  than  balsam,  and  air-bubbles 
are  not  produced  in  it  by  the  application  of  heat" 

Smith's  Hew  Mounting  Mediant — Prof.  H.  L.  Smith  has  been 
experimenting  with  various  substances  to  find  satisfactory  media  of 
high  refractive  index  for  the  mounting  of  diatoms,  Ac.  The  desiderata 
at  which  he  has  aimed  are :  list,  high  refractive  index ;  2nd,  a  substance 
to  be  used  in  a  fluid  or  semi-fluid  state  in  the  process  of  mounting ; 
8rd,  the  property  of  hardening  on  the  slide,  so  as  to  make  a  permanent 
mount ;  and,  4th,  a  proper  cement,  to  protect  it  from  decomposition 
if  the  material  is  in  danger  from  that  cause  by  reason  of  exposure  to 
the  air  or  to  immersion  fluids. 

Professor  Smith  is  now  assured  that  he  has  succeeded  in  his  efforts, 
and  has  produced  two  media,  both  of  combinations  entirely  new  and 
heretofore  unnoticed  in  chemistry.  He  has  also  devised  a  cement 
for  rings  upon  the  slides  to  protect  the  media,  which  is  also  new,  and 
makes  attractive  mounts. 

His  first  medium  is  a  transparent,  colourless  substance,  in  the 
form  of  a  thick  fluid,  which  hardens  by  heat  applied  in  the  same  way 
as  in  mounting  in  balsam.  The  heat  expels  the  fluid  part  of  the 
mixture,  and  leaves  a  solid  which  is  a  permanent  mount,  and  requiring 
no  more  care  in  subsequent  handling  or  packing  of  slides  than  balsam. 
The  index  of  refraction  of  this  medium  when  solidified  is  2*00. 

The  second  medium  is  a  yellow-tinted,  thick  fluid,  similar  in 
handliug  to  the  last,  and  to  be  used  and  treated  in  the  same  manner, 
but  Laving  an  index  of  2  *  25  ±  when  solidified.  A  perceptible  brownish- 
yellow  tint  remains  in  this  medium,  similar  to  that  of  pretty  old 
balsam  which  has  been  a  little  overheated.  This  medium  would 
naturally  be  used  for  special  examinations  of  particularly  difficult 
objects,  and  the  colour  is  not  enough  to  be  objectionable,  though  the 
first  medium,  with  its  absolute  transparency,  would  be  preferred  for 
m(ire  common  use.  Used  in  a  fluid  state,  the  denser  medium  has 
scarcely  any  colour,  but  its  refractive  index  is  of  course  lowered  a  little. 

In  either  of  them  the  resolution  of  Amphipleura  pellucida  is  made 
with  surprising  ease  and  strength,  and  with  light  of  very  small 
obliquity  compared  with  that  which  has  been  necessary  in  dry  or 
balsam  mounts.  In  short,  it  gives  all  the  results  which  the  high 
refractive  index  would  lead  us  to  expect,  and  with  none  of  the  objec- 
tions for  cabinet  use  which  belong  to  the  solution  of  phosphorus  and 
other  mixtures. 

The  cement  for  ringing  is  specially  devised  to  avoid  any  danger 
of  its  attacking  or  decomposing  the  mounting  medium. 

The  following  is  a  copy  X  of  the  report  made  to  the  State  Micro- 
scopical Society  of  Illinois  by  a  conmiittee  to  whom  were  referred 
some  slides  of  Diatomacete  mounted  in  the  new  media. 

*  Methods  of  Micr.  Research,  Part  x.  (1884)  p.  Ivu. 
t  Amer.  Mon.  Mior.  Journ^  ▼.  (1884)  p.  71. 
X  *  The  Microscope,'  i?.  (1884)  pp.  77-8. 
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*'  Yonr  oommitiee  carefully  examined  the  slides  snt>initted  to  them, 
but  gave  special  attention  to  the  slides  of  Amphipleura  peUucida 
mounted  in  a  nearly  white  or  colourless  medium,  whose  refractive 
index  is  stated  to  be  2 — . 

A  new  Bulloch  Professional  stand,  with  a  10-inch  tube,  was  used. 
It  was  fitted  with  a  condenser  made  on  the  Abbe  pattern  by  Mr. 
Bulloch,  the  numerical  aperture  of  which  was  stated  by  the  maker  to 
be  1  *  23.    The  condenser  was  used  with  a  homogeneous-mmiersion  fluid 

i cadmium  chloride  in  glycerine).    The  illumination  was  furnished  by  a 
[erosine  lamp  with  a  flat  wick  turned  edgewise  toward  the  mirror,  and 
the  light  was  reflected  through  the  condenser  by  the  concave  mirror. 

The  objectives  used  were,  first,  a  dry  1/6  of  Bausch  and  Lomb, 
said  to  be  of  140°  air  angle,  with  a  Beck  No.  8  eye-piece,  which  gives 
a  supra-amplification  of  13*88.  The  angle  of  light  from  the  con- 
denser was  as  high  as  could  be  used  by  the  objectives  and  fully 
illuminate  the  object,  and  with  these  appliances  the  linos  showed  with 
great  distinctness. 

We  then  used  a  homogeneous-  immersion  Zeiss  1/18, 1  *  28  N.A., 
with  the  following  eye-pieces:  Beck  No.  1,  supra-amplification  6; 
Beck  No.  2,  supra-amplification  8  *  33 ;  Tolles  1  in.,  supra-amplifica- 
tion 10;  Beck  No.  3,  supra-amplification  13*88;  Tolles  1/2  in., 
supra-amplification  20*83.  The  illumination  was  the  same,  except 
that  the  angle  of  light  was  as  oblique  as  the  condenser  could  give. 
With  all  of  these  eye-pieces  the  beads  showed  very  strongly. 

The  slide  mounted  in  a  yellowish  medium  with  a  refractive  index 
said  to  be  2  *  3,  did  not  seem  to  present  any  marked  superiority  over 
the  other. 

Your  committee  would  expect  these  media,  particularly  the  colour- 
less one,  to  be  of  great  value  if  they  keep  well.  Their  advantage  in 
the  study  of  diatoms  is  obvious.  We  would  also  expect  them  to  be 
even  more  useful  in  histology  if  preparations  can  be  transferred  to 
them  without  injury.  They  may  also  be  of  great  service  in  the  study 
of  bacteria. 

By  the  process  of  staining,  now  necessary  in  the  study  of  these 
structures,  they  are  shrivelled  and  perhaps  changed  in  other  ways, 
and  we  may  hope  to  leam  much  more  about  them  than  is  now  known 
if  they  can  be  studied  in  these  media  in  a  more  natural  condition." 
(Signed  by  B.  W.  Thomas,  Lester  Curtis,  H.  A.  Johnson,  H.  W. 
FuUer,  and  H.  J.  Detmers.) 

Wilks*t  CelL — Mr.  E.  Ward  supplies  cells  for  mounting  without 
pressure  in  Canada  balsam  made  on  a  plan  suggested  by  Mr.  Wilks 
and  shown  in  fig.  76. 

Fio.  76. 


/ 


^ 


The  cell  is  made  of  soft  metal  and,  as  will  be  seen  from  the  figure, 
has  four  elevations   alternating  wiUi  depressions,  the  cover-glass 
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resting  on  the  upper  points  of  the  carves.  By  leaving  an  excess  of 
balsam  round  the  cell  and  cover-glass,  air-bubbles  ultimately  escape 
through  the  spaces,  and  loss  by  evaporation  of  essential  oil  in  the 
balsam  is  provided  for.  If  the  cell  is  too  deep  for  the  object  it  can 
be  pressed  between  two  glass  slips  until  shallow  enough. 

Closing  Olycerine  Cells. — Mr.  W.  M.  Bale  writes :  '*  I  see  by  one 
or  two  remarlu  in  the  Journal  that  some  manipulators  still  find  a 
difficulty  in  securely  closing  glycerine  cells.  I  have  found  the 
following  plan  obviate  all  liability  to  leakage.  Use  a  cell  of  firm 
material,  such  as  glass  or  ebonite,  and  a  cover^glass  of  larger  size,  so 
that  when  in  position  it  projects  outside  the  cell  for  1/12  in.  or 
1/8  in.  all  round.  Fill  the  cell  and  press  down  the  cover^glass, 
forcing  out  the  superfluous  glycerine ;  then  (if  on  examination  under 
the  Microscope  the  object  is  found  to  be  properly  displayed)  put  on  a 
spring  clip  to  keep  the  cover  close  down,  and  with  a  fine  syringe 
wash  away  the  whole  of  the  glycerine  which  may  have  exuded  from 
the  cell.  The  space  below  the  projecting  margin  of  the  cover-glass 
will  now  be  filled  with  water  instead  of  glycerine,  and  by  applying  a 
piece  of  blotting-paper  the  water  may  be  absorbed ;  the  slide  must 
then  be  allowed  to  stand  for  a  minute  or  two  till  the  outside  of  the 
cell  is  quite  dry,  when  a  little  tenacious  fluid  cement  may  be  applied 
at  the  margin  of  the  cover,  and  allowed  to  fill  the  circular  space 
outside  the  cell.  Unless  an  excess  of  cement  be  placed  on  the 
slide  there  will  be  no  tendency  whatever  to  '  run  in,'  provided  that 
the  cell  be  quite  flat,  so  that  the  cover  can  come  into  close  contact 
with  it  all  round,  and  that  it  be  deep  enough  for  the  object.  I 
formerly  recommended  this  plan  for  mounting  in  fluids  which  would 
evaporate,*^  and  I  since  find  that  it  is  equally  applicable  to  a  dense 
medium  like  glycerine,  provided  that  the  latter  be  syringed  away 
firom  the  outside  of  the  cell,  as  directed.  I  have  young  Hippocampi 
preserved  in  ebonite  cells  in  this  manner,  but  I  may  add  that  it  is 
not  uncommon  to  find  ebonite  cells  more  or  less  bent,  and  such  are 
useless  for  the  purpose,  it  being  essential  that  the  cover  should  fit  closely 
to  the  cell,  as  otherwise  the  water  used  in  washing  would  enter  it" 

Oetschmann's  Arranged  Diatoms. — Whether  diatoms  ought  or 
ought  not  to  be  ^* arranged"  is  a  question  which  is  more  often 
answered  in  the  negative,  and  in  calling  attention  to  the  slides  pre- 
pared by  R.  Getschmann  of  Berlin,  we  have  no  intention  of  objecting 
to  the  general  verdict.  We  simply  record  the  fact  of  the  existence  of 
the  slides,  and  that  they  much  surpass  any  of  the  previous  efforts  with 
which  we  are  acquainted.  With  the  diatoms  are  included  Lepidoptera 
scales,  Echinoderm  spines,  &c. 

Classification  of  Slides.! — Dr.  C.  S.  Minot  suggests  a  scheme  of 
arrangement  of  microscopical  (and  especially  histological)  slides 
based  on  embryology.  The  foundation  of  the  system  is  primarily 
the  germ-layers  and  then  the  order  of  development  of  the  various 
organs. 

•  See  this  Journal,  iii.  (1880)  p.  864. 
t  '  Science  Record,'  ii.  (1884)  p.  65. 
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The  first  diyision  embraces  the  ectoderm  and  its  derivatives. 
Here  would  be  placed  in  order  the  skin,  nerves,  glands,  teeth,  mem- 
branes, bones,  and  organs  of  sense,  and  all  other  organs  derived  from 
the  outer  germ-layer  in  as  nearly  as  possible  the  order  of  their 
appearance  in  the  embryo. 

To  the  second  division  belong  the  endodermal  structures,  the 
lining  of  the  alimentary  tract,  the  Uver,  respiratory  organs  of  verte- 
brates, endostyle  of  Tunicates  and  the  thyroid  and  thymus  glands, 
pancreas,  spleen,  and  stomach. 

The  mesoblastio  tissues  may  be  divided  into  two  great  groups : 
the  first,  those  of  the  mesenohyma,  embraces  the  spicules  of  sponges 
and  the  skeleton  of  Echinoderms,  smooth  muscles,  connective  tissue, 
fat-cells,  blood,  blood-vessels,  heart,  lymphatics ;  and,  lastly,  cartilage 
and  bone.  To  the  other  division,  to  which  the  term  mesothelial  tissues 
may  be  applied,  belong  the  peritoneum  of  the  vertebrates  and  its 
homologues  in  other  groups,  striated  muscle,  and  its  modification, 
electric  organs,  the  segmental  organs  of  the  lower  forms,  and  the 
excretory  organs  of  the  higher  forms,  sexual  organs,  then  the  stomo- 
deum  and  its  glands,  and  Uie  proctodeum  and  its  appendages. 

The  position  of  the  mouth  of  vertebrates  and  its  accessories  is 
uncertain,  as  doubts  exist  whether  it  is  comparable  to  a  portion  of  the 
stomodeum  of  the  lower  forms  or  is  a  superadded  feature. 

In  the  case  of  compound  organs  the  preparations  should  be  placed 
with  their  most  characteristio  elements.  Thus  the  liver  should  be 
placed  with  the  hypoblastic  tissues,  the  nerves  and  skin  with  the 
ectodermal,  <fec.  In  cases  of  series  of  sections  of  one  animal,  they  of 
course  should  be  kept  together. 

Dr.  Dimmock  adopts  a  different  plan.  Each  of  his  slides  is 
numbered  in  the  order  of  preparation,  and  then  two  card  catalogues 
are  made,  one  by  organs,  the  other  systematic,  each  card  referring  by 
a  number  to  the  corresponding  slide.  On  these  cards  can  be  entered 
full  accoimts  of  the  specimen,  its  mode  of  preparation,  the  special 
features  presented,  &c.,  and  thus  with  a  slight  additiontJ  amount  of 
labour,  the  advantages  of  each  system  of  arrangement  may  be 
obtained. 

Blaokliam*B  Object-Boxes.* — Dr.G.  E.  Blackham  takes  the  common 
rack-boxes  for  twenty-four  slides,  and  putting  on  the  cover,  pastes 
a  piece  of  stout' twilled  muslin  on  the  back  and  lapping  over  on  to 
the  cover.  This  forms  a  hinge,  and  gives  the  boxes  a  uniform  look. 
Each  box  is  devoted  to  a  special  series  or  class  of  objects,  and 
properly  labelled,  and  stands  up  on  end  in  a  revolving  book-case. 
The  slides  lie  flat,  and  the  whole  collection  is  in  reach  from  the 
working  table,  without  getting  out  of  the  chair.  For  indexing  each 
box  Dr.  Blackham,  with  an  electric  pen,  makes  a  label  covering  the 
inner  side  of  the  cover,  the  name  of  each  slide  is  written  on  this, 
on  the  line  opposite  the  slide  itself  as  it  stands  in  the  box.  These 
boxes  are  cheap,  convenient  and  portable,  and  are,  he  considers, 
preferable  to  the  more  elaborate  and  costly  cabinets  of  drawers. 

*  Proe.  Amer.  Soc.  Micr.,  6th  Ann.  Meetbg,  1883,  pp.  236-7. 
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StillMQ'i  Oltjeot  Cabinet.* — Dr.  J.  0.  Stillson's  cabinet  ooncdBta 
of  a  nnmbw  of  trajs  made  of  tbiok  paateboaid.  They  aro  9  in.  wide 
and  16  in.  long.  There  are  two  rows  of  slides  in  eaob  tray  and  10  or 
12  in  each  row  aooording  to  the  partitiona,  which  can  be  remoTed 
or  left  in.  The  depth  of  the  tray  is  equal  to  the  thickness  of  the 
thickest  slides,  so  uat  when  they  are  in  plaoe,  each  lying  flat,  they 
fill  the  apartment.  There  is  a  lid  to  each  tray,  also  made  of  paste- 
board bnt  stiffened,  and  made  heavier  by  the  addition  of  a  strip  of 
wood,  sach  as  is  used  in  making  cigar  boxes.  This  sbip  eztenda  all 
aroond  the  margin  of  the  lid,  and  there  is  another  acroes  the  middle 
the  long  way. 

Two  long  openings  are  ont  throogh  the  lid,  about  2  in.  wide,  so 
that  when  the  lid  is  closed  it  will  press  the  slides  down  in  their  places 
firmly,  bnt  at  the  same  time  not  tonoh  the  ooTer-glasses.  High,  dry  and 
opaqae  monnta  can  be  placed  alongside  of  the  thinnest  bulsam  ta 
diatoms,  and  when  it  is  deeiiod  to  look  for  a  slide  the  whole  tray  oati 
be  Borreyed  with  the  eye  at  a  glance,  and  the  names  of  twenty  or 
twenty-foor  specimens  can  be  read  without  opening  the  tray.  Whea 
the  trays  are  all  in  the  box,  the  lid  holds  them  firmly  in  plaoe  suit* 
able  for  shipping.  He  has  borders  for  the  labels  printed  on  &noy 
oolonrod  paper,  and  writes  in  pencil  on  the  wrong  side  of  the  labd 
Bnoh  a  history  as  he  desires  and  pastes  it  on  the  slide.  Then  the 
name  labels  are  cut  with  a  ciroalar  No.  8  pnnch,  and  pasted  on  the 
border  paper.  There  is  plenty  of  room  to  write  in  front  the  English 
and  Latin  "f"!"",  date  and  nnmber ;  by  tnming  the  elide  ronnd  one 
can  read  from  the  baok  through  the  glass  the  history  and  mode  of 
preparation. 

Piliibory'B  (or  Bradle;'!)  and  Cola's  Xailing  Casea.  —  This 
"  mailing  case,"  the  design  of  J.  H.  Pillsbnry,  is  itatended  to  snpply 
a  demand  for  some  safe  and  cheap  means  of  packing  one  or  more 
alides  for  sending  throogh  the  post.  The  entire  device  comprises 
three  difierently  shaped  pieces  of  wood  (tops,  bottoms,  and  centres)  so 
formed  that  two,  three,  or  more  may  be  pnt  together  as  shown  in 

Fia   77.  Pio,  78. 


fig.  77.    For  one  elide  the  top  and  bottom  pieoes  are  used,  for  two 
elides  the  centre  pieces  also,  and  so  on  to  any  oonTenient  nnmber. 

The  cross  section  fig.  78  shows  the  relation  of  the  parts  of  the 
case  to  the  slide.    The  pinching  of  the  wooden  lipa  on  the  margin 

•  Proc  Amer.  See.  Hior.,  6th  Ann.  Meeting,  1883. 
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of  the  glass  outside  the  mounting  serves  to  hold  the  slide  securely 
in  place,  aud  to  protect  the  mounting  from  possible  injury. 

Every  dozen  tops  and  bottoms  is  accompanied 
with  twenty-four  strips  of  g^ummed  paper  which  Fio.  79. 

may  be  used  on  the  edges  to  secure  &e  pieces 
before  wrapping  for  mailing.  If  one  slide  is  to 
be  sent  the  strips  may  be  gummed  lengthwise  on 
the  edges.  If  centres  are  used  for  more  slides 
the  strips  may  be  used  to  pass  around  on  to  top 
and  bottom.  The  slight  shrinking  of  the  moistened  paper  in  drying 
pinches  the  slide  sufficiently  to  hold  it  securely. 

A.  C.  Cole  uses  the  boxes  shown  in  fig.  79.  They  consist  of  a 
piece  of  wood  S^  in.  x  If  in.  and  1/2  in.  thick  in  which  a  coarse  saw- 
cut  has  been  nmde  nearly  through  it  as  shown  in  the  figure.  The 
slide  is  placed  in  the  groove  thus  formed  with  a  little  cotton  wool 
and  the  open  side  is  filled  up  with  a  strip  of  wood  about  3/16  in. 
section. 

Adams,  J.  M. — How  to  keep  [send]  living  Infaaoria. 

[Dr.  A.  G.  Stokes  uses  Lrmna  plants  which  keep  the  water  sweet  and  supply 
oxygen  while  in  transit] 

The  Microicope,  IV.  (1884)  p.  64. 
B.,  W. — MicroscopicaL    [Monnting  Gntiole  of  Leaf.] 

Engl.  Mech.,  XXXIX.  (1884)  p.  132. 
BEmtENs,  W. — See  Boecker,  W.  E. 

Bloohmakn,  F. — Ueber  Einbettnngsmethoden.  (On  imbedding  methods.)  \Post.'] 

Zcit8chr,f.  Wi88.  Mikr.,  I.  (1884)  pp.  218-33  (2  fig8.). 

BosouER,  W.  E. — ^Ueber  ein  neues  Mikrotom  mit  Gefriereinrichtnng,  automa- 

tischer  Messerfuhmng  and  selbstthatiger  Hebnng  des  Objectes.    (On  a  new 

Microtome  with  freezing  apparatus,  automatic   kuife-gnide,  and  automatio 

raising  of  the  object).    [Po8t.\ 

Z€ii$chrJ,  Inttrumentmik,,  IV.  (1884)  pp.  125-7  (2  figs.). 
Z«it9chr.  /.  Win,  Miltr.,  I.  (1884)  pp.  244-8  (by  W.  Behrens). 
Booth,  M.  A. — ^Mailing  packages  of  Diatoms. 

[Inquiring  how  to  send  small  exchanges  to  foreign  countries  ] 

Amer.  Mm,  Micr,  Joum.,  V.  (1884)  p.  100. 
Born,  O. — ^Die  Plattenmodellirmethode.    (The  method  of  modelling  by  [wax] 
plates.)    IPoat^ 

Arch,/.  Mikr.  Anai,,  XXU.  (1883)  pp.  584-99. 

Amer,  Natural,,  XVIll.  (1884)  pp.  446-8. 

Bt'OHKA,  E. — ^Ueber  Hematoxylin  and  Brasilin.   (On  Hematoxylin  and  Brasilin.) 

Nachr,  K,  Getell,  Wits.  OdlUngen,  1888,  pp.  60-66. 

BuGKTOV,  G.  B.—Monograph  of  the  British  Aphides.    Vol.  iv.    ix.  and  228  pp. 

(27  pis.).    8to,  London,  1888. 

[(Contains  **  The  preserration  and  mounting  of  Aphides  for  the  Microsoope,** 

**  The  preservation  of  Aphides  for  the  Museam,"  and  **  The  dissection  of 

Aphides.**    %>ra,  p.  466.] 

Burrill's  (T.  J.)  Staining  fluid,  directions  for  use  of. 

Micr,  BulMin,  I.  (1884)  pp.  21-2. 
Cattanbo,  O.— Fissazione,  Oolorazione  e  Gonservazione  degli  Infusorii.  (Fixing, 
colouring,  and  preserving  Infusoria.)    ConcUL 

BoUeit,  Scientif.,  V.  (1883)  pp.  122-8. 
Gleaning  Slides  and  Govers—Letter  by  J.  G.  Lathrop.    [See  also  ante,  p.  323.] 

Amer,  Men,  Micr.  Jonm,^  V.  (1884)  p.  79. 
CbALB,  B.  D.— Preparation  of  the  Ethyl  Ether  of  Gallic  Acid. 
[Gf.  III.  (1883)  p.  931.] 

Amer.  Men,  Micr,  Jowm.,  V.  (1884)  p.  82. 

Rer.  2.- Vol.  IV.  2  K 
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Ck)LE,  A.  C. — Studiee  in  Micmeoopical  Science. 

Vol.  II.  No.  15.  Sec.  I.  No.  8.  Adipow  Tissue,  pp.  29-32.    Plate  8  x  250. 
No.  16.    Sec.  II.    No.  8.    pp.  29-34.    Epidermal  Tissue.    Plate  8.   T.  S. 

of  aerial  root  of  Ihndrobiwn  x  130. 
No.  17.     Sec.  I.    No.  9.     Development  of  Rjne,  pp.  33-6.    Plate  9.  Ossi- 
fication of  Cartilage  (Quain)  x  300. 
No.  18.    Sec.  II.     No.  9.    pp.  35-8.    Vasicnlar  Tissue.    Plate  9.     Bast, 
Sieve  Tubes  and  Liber  Cells. 
„  „        Methods  of  Microscopical  Research. 

Part  IX.     pp.  xlix.-lii.    Mounting  {continttcd).     Description  of  liaterials. 
Part  X.    pp.  liii.-vii.    Mounting  {continued).    The  Preparation  of  Diatom- 
acess. 
„  „        Popular  Microscopical  Studies.   No.  VII.   A  Grain  of  Wheat  (cxm- 

ciucUd\  pp.  25-8.— The  Common  Bulrush  {Typf^y,  pp.  29-31.    Plate  7.    T.  8. 
of  Stem,  double  staiued,  x  75. 
No.  Vlll.    The  Intestine,  pp.  33-7.    Plate  8.    T.  S.  Ileum  of  Cat  injected 
x  50. 
Collins*  (C.)  Series  of  48  Fish  Scales.  Micr.  News,  TV.  (1884)  p.  109. 

CoBNiL,  — .— Sur  le  mode  de  conservation  des  pieces  anatomiques  destine  k 
dtre  examines  au  Microscope.    (On  the  mode  of  preserving  anatomical  objects 
required  to  be  examined  with  the  Microscope. 
[Brief  note  only  of  original  paper.    The  beet  preserving  liquid  is  90  per 
cent,  alcohol  using  a  volume  at  least  20  times  as  great  as  that  of  the  piece 
to  be  preserved,  which  should  if  possible  be  reduced  to  1/2-1  cm.  cube.] 
Journ.  de  Micr.,  VIII.  (1884)  p.  189,  from  Progria  M^ical, 
Cox,  J.  D. — [Prof.  H.  L.  Smith's]  New  Mounting  Media.    {Supra,  p.  476.] 

Amer.  M<m.  Micr,  Journ.,  V.  (1884)  p.  71. 
Ooze  and  Simon,  P. — Etecherohes  de  pathologie  et  de  th^rapeutique  expenmen- 
tales  sur  la  Tuberculose.      (Experimental   pathological  and   tiierapeutical 
observations  on  IMberculosis.) 
[Contains  I.  Teohnique.] 

Journ.  de  Microgr.,  VIII.  (1884)  pp.  235-9,  from 

Butt.  QAi.  de  Therapeutique. 
Creese,  £.  J.  £. — An  inexpensive  Turn-table. 

["  A  home-made  turn-table  which  any  one  with  ordinary  knack  can  make 
for  himself  at  the  cost  of  a  shilUng.'*] 

Journ.  of  Micr.,  Ul.  (1884)  pp.  106-7  (3  figs.). 
Debt,  J. — Notes  diatomiques.    (Notes  on  Diatoms). 

[I.  On  MM.  Prinz  and  Van  Ermengem's  work  on  the  stmoture  of  the 
valves  of  diatoms  {post).  IL  Discovery  of  TerptinoS  mueica  in  Spain. 
III.  Special  slides  of  diatoms  by  MoUer  (post)."] 

Journ.  de  Microgr.,  VIII.  (1884)  pp.  228-31. 
DiPPEL,  L. — Die  Anwendung  des  polarisirten  Lichtes  in  der  Pflanzennistologie. 
(The  use  of  polarized  light  in  vegetable  histology.)    {Post."] 

Zeitschr.f.  Wise.  Mikr.,  I.  (1884)  pp.  210-7  (5  figs.). 
„         „     Ealium-Quecksilberjodid  als  Quellungsmittel.  (Biniodideofmeronry 
and  potassium  as  a  swelling  agent.)    IPost."] 

ZeiUchr.  f.  Wiu.  Mikr^  L  (1884)  pp.  251-3. 
DuBKEB,  R.  p.  H. — Mounting  in  balsam  in  oeils.    IPotL'] 

Amer.  Mon.  Micr.  Journ.,  V.  (1884)  pp.  84-B5. 

Edinoeb,  L. — Notiz,   betreffend  die  Behandlung  von  Pniparaten  des  Oentral- 

nervensystems,  welche  zur  Projection   mit  dem   Scioptikon  dienen  sollen. 

(Note  on  the  treatment  of  preparations  of  the  central  nerve-system  intended 

for  projection  with  the  Soiopticon.)    [Post.^ 

Zeitschr.f.  Wiis.  Mikr.,  I.  (1884)  pp.  250-1. 
Elsner,  F. — Mikroskopische  Atlas.  Ein  illustrirtes  Sanmielwerk  zum  Gebranobe 
fiir  C^esundheitsbeemte,  Apotheker,  Drogisten,  Kanflente  and  G^ebildete 
Laien.  fMicroscopioal  Atlas.  An  illustrated  compendium  for  the  oae  of 
officers  of  health,  apothecaries,  druggists,  merohante;^  and  wdl-informed  lay- 
men.) Part  I.  9  pp.  and  2  pis.  of  27  pliotomiorogxaphs.  4to,  Halle, 
1884. 
[Contains  Coffee  and  Coffee-surrogate.    Tea  and  Tea-avrogate,] 
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Fergus,  S.  T. — Double  staining  sections  of  Buds.       Micr,  BulLy  I.  (1884)  p.  18. 

Flesoh,  M. — Notiz  uber  die  Anwendung  des  Farbstoffes  des  Boihkols  in  der 
Histologie.  (Note  on  the  use  of  the  colouring  matter  of  the  red  cabbage  in 
Histology.)    IPost.'] 

Zeitschr.  f,  Wi88,  Mikr,,  I.  (1884)  p.  253-4. 

Frenzel,  J. — Ueber  die  Mitteldarmdruse  der  Crustaceen. 

[Contains  **  Methods  of  studying  the  so-called  liver  of  the  Crustacea.*' 
Amer.  NaturaKy  XVIII.  (1884)  p.  556-7.     Post.'] 

MT,  Zod,  Stat,  Keapel,  V.  (1884)  p.  51. 

Gage,  S.  H. — ^Notes  on  the  use  of  the  Freezing  Microtome.    [Post.'} 

Science  Record^  IL  (1884)  pp.  134-5. 
GiLTAT,  £. — L'H^matoxyline  comme  r^actif  sp^iflque  des  membranes  cellu- 
losiques  non  lignifie'es  et  non  sub^rifi^.     (Hiematoxylin  as  a  reagent  for 
non-lignified  and  non-suberose  cellulose  membranes^    [PostJ] 

Arch,  Neerl.  Set,  Exact,  et  Nat,,  XVIII.  (1883)  pp.  437-52. 

Grakt,  F.— Microscopic  Mounting.    IX.  Mounting  Media.     1.  Phosphorus  and 

monobromide.    2.  Advantages  as  to  the  absence  of  contraction  and  as  to 

visibility.    3.  Thin  aqueous  fluids.    4.  Advantages  of  different  media  with 

respect  to  granulation.    5.  Thick  aqueous  media :  advantages  as  to  staining 

and  pressure. 

[See.  II.  requires  considerable  correction.    Inter  o/ui,  the  refractive  index 

of  diatoms  is  put  at  *' about  1  '5,''  and  balsam  at  1  -528,  or  a  visibility  of 

*028I    Diatoms  are  stilted  to  be  more  visible  in  air  than  in  phosphorus. 

The  disadvantages  of  air-mounting  are  not  referred  to  its  inapplicability 

for  fine  markings,  but  to  a  ^'  dulness  or  mist  which  gathers  inside,"  &c.] 

Engl.  Mech.,  XXXIX.  (1884)  pp.  148-50. 
Gratis,  A. — Proc^^s  techniques  usit^  k  la  Station  Zoologique  de  Naples  en 
1883.    (Technical  methods  used  at  the  Naples  Zoological  Station  in  1883.) 
[Sunmiary  of  various  methods  previously  published,  and  post.'] 

Bull.  Soc.  Belg,  Micr,,  X.  (1884)  pp.  104-27,  132-3. 

Haacke,  W. — Entwasserungsapparate  fiir  Macro-  und  Microscopische  Priipara- 

tion.  (Dehydrating  Apparatus  for  Macroscopic  and  Microscopic  Preparations.) 

lPost.'\  Zod,  Ameig,,  VIL  (1884)  pp.  252-6  (1  fig.). 

Hartzell. — A  method  of  staining  the  Bacillus  [of  tubercle.]    [^Post,"] 

Amer,  Mm.  Micr,  Joum,,  V.  (1884)  p.  76-7,  from  Medical  Times, 
Hazlewood,  F.  T.— Blue  Staining. 

[The  stain — described  III.  (1883)  p.  733 — **  gives  surprisingly  fine  results 
with  micrococci,  bacteria,  bacilli,  &c"  Method  of  suspending  the  slides 
in  the  water.] 

Amer,  Men,  Micr.  Joum.,  V.  (1884)  pp.  83-4. 

Heitzmann,  C. — Mikroskopische  Morphologic  des  Thierkorpers  im  gesunden  und 
krankeu  Zustande.  (Microscopical  morphology  of  the  animal  tody  in  health 
and  disc'ase.)  xvi.  and  876  pp.  (380  figs.).  8vo,  Wien,  1883.  Also  8vo,  New 
York,  1884. 

Hitchcock,  R. — Styrax  and  Liquidambar  as  substitutefl  for  Canada  Balsam. 
[Recommendation  of  Styrax.] 

Amer,  Man,  Micr.  Jowm,,  V.  (1884)  pp.  69-71. 
,,  „    Crystals  of  Arsenic. 

[Select  a  small  tube  about  1  in.  in  length,  and  fit  it  in  a  holder  made  of  a 
thin  strip  of  copper,  brass,  or  other  metal  having  a  hole  bored  through  it 
to  receive  the  tuoe.  Let  the  mouth  of  the  tube  project  slightly  above  the 
metal,  and  support  the  latter  in  some  convenient  way  over  a  spirit  lamp. 
Place  a  small  quantity  of  white  arsenic  in  the  tube,  and  apply  heat  slowfy 
until  a  white  powder  begins  to  collect  about  the  mouth.  Then  warm  a 
glass  slip,  and  hold  it  over  the  top  of  the  tube  until  bright  crystalline  par- 
ticles appear  on  its  under  surface.  Then  remove  the  lamp  and  let  the 
tube  cool.] 

Amer,  Mon.  Micr,  Journ.,  V.  (1884)  p.  71-2. 
„  „    Cleaning  Polyoystina.      „  „  „  „  pp.  72-3. 

2  K  2 
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HiTOHOOGK,  B.— Mioroecopioal  Technio.    m,  lY.  MoimtiDg  Objects  Dry. 

Ainer.  Mon,  Micr.  Journ^  V.  (1884)  pp.  73-4,  91-4. 
„  „    Spring  Golleotionfl.        ,j  t,  $»  tj    PP-  77-8. 

HosHHBL,  F.  ▼. — ^Uebisr  eine  Methode  zor  raschen  Heretellung  von  brauchbaren 
Sohliffprftparaten  von  hartcn  organisirten  Objecten.  (On  a  method  for  the  rapid 
preparation  of  usefal  sections  of  hard  organized  objects.)    [Post.'] 

ZeUschr.  /.  Wist.  Mikr.,  L  (1884^  pp.  234-7. 
HoFFMAKN,  F.  W. — Einfiicher  Einbettnngsapporat.     (Simple  imbedding  appa- 
ratus.)   [Pm/.]  Zool,  Anseig.,  VU.  (1884)  pp.  230-2  (1  fig.). 
HoLZNSB,  G.— Zur  Geschichte  der  Tinotionen.    (On  the  history  of  Staining.) 
[Pm*.]  ZeUschr.  f.  Wiss.  Mikr.,  I.  (1884)  pp.  254-6. 
Jaokbok,  £.  R — How  to  Mount  Oasts. 

[After  allowing  urine  to  settle,  pour  off  and  wash  sediment  repeatedly  with 
clean  water,  the  object  being  to  get  rid  of  the  albumen.  The  white 
sediment  consists  of  casts  and  epithelia.  Have  ready  a  solution  of  eoein, 
5  grs.  to  1  oz.  (water  3,  alcohol  1),  pour  it  on  sediment,  allow  to  stand  30 
minutes,  then  wash  repeatedly  as  long  as  colour  comes  freely.  Allow  to 
settle,  place  a  drop  on  cover,  when  dry  enough  to  adhere,  rinse  off  with 
alcohol  to  get  rid  of  water ;  dry.  Wet  with  spirits  of  turpentine  and  mount 
as  usual  in  balsam.] 

The  Microscope,  IV.  (1884)  pp.  78-9. 
„  „        Mounting  Desmids. 

[A  dip  was  put  in  a  cell,  the  water  absorbed  by  blotting-paper,  then  a  drop 
of  mixture  of  carbolated  mucilage  of  gum  arable  and  solution  of  bomx 
was  put  on  the  desmids  and  they  were  covered  and  ringed.  It  remains  to 
be  seen  whether  the  medium  has  bleaching  or  shrinking  properties.] 

The  Microscope,  IV.  (1884)  p.  117. 
KiNQSLKT,  J.  S. — Microscopical  Methods.    H. 

[Elementary  instruction.]  Science  Record,  II.  (1884)  pp.  124-7. 

L.,  V.  A.— To  Harden  Animal  Tissues.  8ci.'Qo8sip,  1884,  p.  89. 

liAQKBHEDf,  G.— Eiuc  Pr&psrirmethode  ftUr  trockene  mikroakopische  Pflanzen. 
(A  method  for  preparing  dried  microscopical  plants.)    TPost,] 

Bot,  Centralbi.,  XVIIL  (1884)  pp.  183-4. 
Latbbop,  J.  0.— See  Gleaning. 

LiKDT,  O. — Ueber  den  mikrochemischen  Nachweis  von  Brucin  und  Strychnin. 
(On  the  microchemical  analysis  of  Bruoine  and  Strychnine.) 

Zeiischr.f,  Wiss.  Mihr.,  I.  (1884)  pp.  237-40. 

Mbtkb,  H.  y. — ^Femere  Mittheilung  fiber  die  Kleisterinjection.    (Further  com- 
munication on  paste  injection.) 
[Further  experience  of  his  modification  of  Pansoh's  method  has  proyed  its 
yalue.    Remarks  on  the  use  of  fuchsin  and  vermilion.] 

Arch.  f.  Anai,  u,  Physiol.^Anat.  Abtheil.,  1888,  pp.  277-a 
MiOHAEL,  A.  D.— British  Oribatidn.    Vol.  L    xi.  and  336  pp.  (31  pis.).    8vo, 
London,  1884. 
[Oontains  description  of  cells  used  for  observing  the  development  and  im- 
mature stages,  pp.  G8-70  (glass  rings  made  from  thinnish  3/4  or  7/8  in. 
tubing  and  3/8  in.  deep).  Collecting  and  preservation,  pp.  99-109.  Draw- 
ing, pp.  191-5.    Post.'] 
MoELLKB,  J. — Das  neue  Patent-Scblittenmikrotom  von  C.  Beichert.    (The  new 
patent  sliding  Microtome  of  0.  Beichert.)    [Post,] 

Zeitschr,/,  Wiss.  Mikr.,  I.  (1884)  pp.  241-4  (1  fig.). 
Pm,  G.— Cell-sap  Crystals. 

[Supra,  p.  470.]  Jonm,  of  Bot,  XXII.  (1884)  p.  124. 

Pbat,  T.,  junr. — Cotton- fibre  and  its  structure. 

[Befers  to  the  **  importance  of  examining  cotton  by  the  Microscope,"  and 
the  **  advantage  which  manufacturing  corporations  would  gain  by  select- 
ing their  stock  in  this  way."] 
Science,  III.  (1884)  p.  583  (Proc.  Soc.  of  Arts.  Mass.  Inst,  of  Technoi.,  April  10). 
Bataboul,  J. — ^Les  Diatom^     B^colte  et  preparation.    (The  Diatomaoen. 
Collection  and  proparation.    Contd.) 

Joum.  de  Microgr,,  VIH.  (1884)  pp.  115, 173-6,  231-4. 
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BiNDFLEi80H.»Baoi]li  of  Taberole. 

[Tbey  are  beet  stained  by  fuchsin,  aolable  in  aloobol  but  not  in  water.  Two 
or  three  drojpe  of  a  coDcentrated  solution  in  2-^  cm.  of  amlin-oil  water  are 
sufficient.  The  staining  is  especially  good  at  40°  0.  The  bacilli  are 
uniformly  stained  if  a  few  drops  of  ftichsin  are  added  to  a  ndxtnre  of 
equal  parts  of  aloohol,  water,  and  nitric  acid.] 

The  Mtnraacope,  lY.  (1884)  p.  91. 
Sharp,  B. — On  Semper's  method  of  making  dried  preparations.    IPottJ] 

Proc,  Acad,  Nat,  ScL  PhUad.,  1884,  pp.  24-7. 
Shabp,  H. — On  the  Mounting  of  Objects  in  cells  with  Canada  Balsam  medium. 

Joum,  Boy.  8oc.  N.  S.  Wales,  XYI.  (1883  for  1882)  pp.  286-8. 
Bdion,  p. — See  Coze. 

Slack,  H.  J. — Pleasant  Hours  with  the  Microscope. 

[Spiral  vessels  of  rhubarb,  &c.~  Oxalate  of  Lime  in  Wood  Sorrel]  [Fish 
scales]  [Proboscis  of  Ophideres]  [Wings  of  Insects]. 

Knowledge,  Y.  (1884)  pp.  240,  282-3  (8  figs-X  830-1  (2  figs-X  371-2  (1  fig,). 
Smitb's  (H.  L.)  New  Mounting  Medium.    I8"pra,  p.  476.] 

[See  also  Cox,  J.  D.]  The  Microacope,  lY.  (1884)  pp.  77-8. 

Amer,  Mon.  Mior,  Joum,,  Y.  (1884)  p.  80. 
Stowxll,  0.  H. — Studies  in  Histology.     Lesson  L  Injecting.     XL  Hardening, 
Soltening,  DisK>oiating  and  Normid  Fluids. 

The  Microscope,  lY.  (1884)  pp.  49-56,  80-d. 
M         n       The  Measurement  of  Blood-corpuscles. 
[Discussion  of  recent  articles.    He  considers  the  relative  size  of  the  red 
blood-corpuscles  as  given  by  Gulliver  incorrect] 

The  Microscope,  TV.  (1884)  pp.  60-1. 
M         n       White  Zinc  Oement. 

[CoDunendation  of  it  when  properly  put  on,  in  opposition  to  B.  Hitchcock's 
view  that  it  will  run  in  and  spoil  the  monnts.1 

The  Microscope,  TV,  (1884)  p.  62. 
Walmsley  &  Co.'s  Ciroolar  on  Badllns  Staining.    [YoL  UI.  (1888)  p.  810.] 

ne  Microscope,  TV.  (1884)  pp.  79-80. 
Wist,  T.— Naphthaline. 

['*  It  is  considered  by  Prof.  Williamson  of  Manchester,  to  fomish  the  very 
beet  of  all  substances  for  imbedding  delicate  microeoopio  subjects  in 
previous  to  cutting  sections.*^ 

Joum,  of  Microscopy,  IIL  (1884)  pp.  113-4.    See  also  p.  119. 
Wills,  — . — Mounting  Desmidieao. 
[Plain  water—gold  size.] 

Proc,  Manch,  lAL  and  Phil,  8oc,,  XXI.  (1882)  pp.  8&-40. 
Wilson,  0.  B. — The  mesenterial  flbiments  of  the  Alcyonaria. 

[Contains  "Methods  of  preparing  the  Alcyonaria."  Amer.  Nat.,  XYIIL 
(1884)  p.  558.    Post.1 

MT.  Zool.  Stat.  Neapel,  Y.  ^884)  p.  8. 
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MsiT0G  or  9tb  ArsiLy  18^  at  Kai6*t  Collbgi,  STiA3n>,  W.C^ 
THX  PisnDcrr  (thb  Sxt.  W.  H.  Dallisgsi,  F.RA)  0  thx 


ThfB  ^^*»»<»»  of  the  "M'^^ng  of  12t]i  Huch  Urt  were  read  and 
eoDfizmad,  and  were  ligiied  bj  the  President. 


nelistof  Donrntiinu  (exdnciTe  of  exchanges  and  repiintB)  re- 

eemd  sinoe  the  last  meeting  was  submitted,  and  the  thanks  of  the 

Soeietj  giTen  to  the  donors. 

From 
Hinde,  6.  J.—CmtaXofpae  of  the  ¥om\\  Sponges  in  the  Geoloc;kal 

Driartment  of  the  BrituJi  Xowom  (Natanl  History). 

248  pp.  and  38  pLk     4ta,  Loodoo,  1883       Tie  TrusUea. 

Xicroaeope  bj  CheTAlier Mr.  W.  For^jn. 

Martin,  d. — Sjetem  of  OptieB.    xxir.  and  295  pp.,  xxxiT.  pla. 

8T0,  London,  1740 Ditto. 

O^ection  of  Anstrmlmn  BepUles  and  Amphibia       Mr.  W.  E.  Pickets. 

Fdrtimit  of  H.  J.  Slaek,  Eaq Mr.  Slack. 


The  President  said  that  sinoe  their  last  meeting  they  had  reoeiyed 
an  intimation  from  the  B.  Accademia  dei  Lincei  of  Borne,  of  the 
death  of  Signor  Qnintino  Sella,  who  as  President  of  the  Academy 
was  one  of  their  ex-officio  Fellows.  He  proposed  that  a  Tote  of  con- 
dolence should  be  forwarded  to  the  Academy  expressing  the  sympathy 
of  the  Soeiety  with  the  Academy  in  the  loss  of  their  iliastrioos 
President 

Dr.  Anthony  haying  seconded  the  proposal,  it  was  carried 
nnanimoosly. 

The  President  proposed  that  as  they  werefaToored  by  the  presence 
of  Dr.  Carpenter,  who  intended  to  deal  with  tbe  snbject  of  binocular 
yision  in  tiie  Microscope,  the  other  business  on  the  agenda  should  be 
postponed.     This  was  approved  by  acclamation. 


Dr.  Carpenter  then  addressed  the  meeting  ^  On  tbe  Physiology  of 
Binocular  Yision  with  tbe  Microscope,"  illustrating  tbe  subject  by 
some  large  pbotographs,  drawings  on  tbe  black-board,  &c.    He  said : — 

The  reason  of  my  venturing  to  offer  to  the  Society  tbe  views  which 
I  entertain  upon  the  subject  specified  as  tbe  title  of  this  communi- 
cation, is  that  in  tbe  last  number  of  tbe  '  Journal '  of  the  Boyal  Micro- 
scopical Society,  at  the  end  of  a  paper  by  Prof.  Abbe,  a  doctrine  is 
put  forward  on  tbe  nature  of  Stereoscopic  vision  with  tbe  Microscope, 
which  appears  to  mo  to  be  inconsistent  with  our  knowledge  of  itxe 
physiology,  and  also  with  our  experimental  knowledge  of  the  pheno- 
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mena,  of  stereoscopic  vision.  It  is  not,  I  think,  so  mucli  a  question 
of  optics,  as  of  the  physiology  of  vision.  If  it  was  one  of  optics,  I 
should  certainly  not  venture  to  put  myself  in  antagonism  with  one 
who  is  probably  the  greatest  living  master  of  the  theory  of  the 
Microscope.  But  I  think  I  shall  be  able  to  show  that  it  is  essentially 
a  question  of  physiology,  and  in  part  also  of  psychology.  Ever  since 
Wheatstone's  invention  of  the  Stereoscope,  something  like  fifty  years 
ago,  I  have  had  the  subject  constantly  before  me :  and  from  the  first 
introduction  of  the  binocular  Microscope,  I  have  used  it  continually 
for  objects  of  suitable  character.  So  completely,  indeed,  am  I 
accustomed  to  it,  that  when  I  look  at  some  of  the  same  objects  under 
the  monocular  Microscope,  I  scarcely  know  them  again. 

The  manner  in  which  we  form  our  visual  conceptions  from  im- 
pressions produced  upon  the  retina,  is  a  matter  of  both  physiology 
and  psychology,  lying  on  the  border  line  between  the  two.  Our  visual 
conceptions  are  formed  by  the  process  which  is  known  as  "  suggestion  " ; 
that  is,  they  do  not  necessarily  conform  to  the  visual  impressions 
produced  upon  the  retina,  but  they  are  suggested  to  us  by  these  visual 
impressions;  and  it  sometimes  occurs  that  our  conceptions  are 
erroneous.  All  who  have  given  attention  to  the  physiology  of 
vision,  agree  in  considering  our  ordinary  interpretations  of  the 
solidity  of  an  object  placed  before  us,  to  be  dependent  upon  a  mental 
co-ordination  of  our  visual  and  tactile  sensatious.  A  child  moves  its 
hands  towards  an  object  presented  to  its  vision,  and  educates  itself  to 
a  conception  of  its  form  by  the  conjoint  use  of  its  sight  and  its  touch. 
It  has  happened  that  in  some  cases  persons  have  obtained  sight  for 
the  first  time,  having  been  bom  blind,  at  an  age  when  they  have  been 
able  to  record  their  impressions  of  objects  presented  to  their  sight, 
and  to  manifest  their  difficulties  of  interpretation.  Many  years  ago 
I  had  the  opportunity  of  observing  a  child  three  years  old,  who  had 
been  operated  on  for  congenital  cataract.  He  was  too  young  to 
describe  his  impressions  to  us,  but  we  could  observe  when  he  was 
guided  by  sight  and  when  by  touch,  and  it  was  very  interesting  to 
watch  him  under  these  circumstances.  In  the  lodging  where  he  was 
staying  whilst  under  treatment,  everything  about  him  was  strange, 
and  he  used  his  sight  and  his  touch  conjointly  in  familiarizing  himself 
with  them  until  he  had  learned  to  correlate  the  two  impressions. 
But  when  taken  to  his  own  homo  where  the  surroundings  were  per- 
fectly familiar  to  him,  he  was  for  some  time  entirely  guided  by  touch ; 
he  seemed  to  be  quite  puzzled  by  the  sight  of  them,  and  often  shut 
his  eyes  in  order  to  understand  where  he  was.  Many  of  you  have 
heard  of  the  case  recorded  by  the  celebrated  Cheselden,  the  subject 
of  which,  being  much  older,  could  describe  his  own  seusations.  For 
a  long  time  after  he  could  see  distinctly,  he  could  not  distinguish 
solid  objects  by  vision  alone  from  flat  pictures.  Not  very  many 
years  ago,  the  case  was  published  of  a  young  woman  who  from  birth 
had  possessed  enough  sight  to  enable  her  to  distinguish  light  from 
darkness,  but  who  could  not  see  the  form  of  any  object  about  her. 
She  had  been  accustomed  to  work  with  her  needle ;  and  her  thread, 
needle,  scissors,  balls  of  cotton,  &c.,  wore  all  perfectly  well  known  to 
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ber  by  toucb.  You  would  suppose  tbat  tbe  peculiar  form  of  a  pair  of 
scissors,  as  suggested  to  tbe  mind  tbrongb  tbe  medium  of  toucb,  would 
be  recognized  tbrougb  tbe  sigbt  more  readily  tban  anytbing  else ;  and 
yet  wben  it  was  first  sbown  to  ber,  sbe  utterly  failed  to  recognize 
it  as  tbe  implement  wbicb  sbe  bad  been  in  tbe  babit  of  bandling. 
Tbis  recognition  of  a  solid  form  from  a  visual  picture,  tben,  is  tbe 
result  of  tbe  experience  we  gain  in  very  early  life,  from  tbe 
association  of  tbe  mental  impressions  made  by  tbe  retinal  pictures 
witb  tbose  we  obtain  tbrougb  tbe  sense  of  touch, — ^by  wbicb  I  mean 
not  only  tbe  contact  witb  the  fingers,  but  tbe  muscular  action  wbioh 
gives  movement  to  tbem, — so  tbat,  in  course  of  time,  tbe  visual  picture 
comes  to  suggest  tbe  solid  form  of  tbe  object  to  tbe  mind.  Our  best 
evidence  of  l^is  is  derived  from  pictures  obtained  by  means  of  pboto- 
grapby ;  especially  tbose  in  wbicb  tbe  relations  of  ligbt  and  sbade  are 
strongly  brougbt  out ;  for  tbese  pictures  suggest  tbe  idea  of  solidity 
mucb  more  p^ectly  tban  any  otbers  can  do.  Some  of  you  will  pro- 
bably remember  tbe  old  Dioramic  pictures  in  tbe  Begent's  Park,  with 
tbeir  wonderful  appearance  of  solidity,  especially  in  ike  ease  of  arobi- 
teotural  designs ;  tbe  impression  produced  being  so  entirely  that  of 
solidity,  tbat  it  was  only  by  moving  tbe  head  from  side  to  side  tbat 
tbe  illusion  was  detected.  Tbese  pictures  were  based  on  photographs ; 
Daguerre  and  otbers  having  worked  out  tbe  original  "  daguerreotype  " 
process  for  tbe  purpose  of  producing  them  most  effectively. 

In  ordinary  drawing  and  paintinff,  an  artist  is  subject  to  continual 
changes  in  tbe  conditions  of  tbe  light  and  sbade,  even  in  tbe  course 
of  half  an  hour;  and  therefore  no  painting,  except  one  by  artificial 
light,  can  give  a  true  representation  of  lignt  and  sbade  at  any  par- 
ticular moment.  Therefore  it  is  tbat  photographs  of  many  subjects 
are  most  wonderfully  illusive,  and  most  especially  so  when  they  are 
looked  at  with  only  one  eye.  The  explanation  of  this  effect  is,  that  when 
you  look  at  tbe  picture  with  both  eyes,  and  it  is  tolerably  near  to  you, 
you  are  forced  to  see  it  as  a  flat  surface ;  but  when  you  shut  one  eye 
and  keep  tbe  bead  still,  you  lose  the  power  of  measuring  relative 
distances ;  and  a  visual  conception  of  solid  form  is  suggested  by  its 
chiaroscuro  and  its  perspective.  If  you  look,  for  example,  with  one 
eye  at  the  photographs  of  relievos  banging  upon  the  opposite  wall, 
you  will,  if  you  have  not  tried  tbe  experiment  before,  be  astonished 
at  tbe  way  in  which  tbe  figures  seem  to  stand  out  witii  all  tbe  effect 
of  stereoscopic  relief.  Tbis  is  a  pure  case  of  mental  suggestion ;  and 
is  due  to  tbe  perfect  similarity  of  tbe  photograph  to  tbe  retinal  picture 
produced  by  natural  vision  of  the  object  itself  upon  a  single  eye. 
Tbe  camera,  like  tbe  eye,  projects  a  flat  picture,  which  is  recorded  by 
photography ;  and  you  have  tben  permanently  just  the  picture  whi<& 
one  eye  would  form  of  tbe  object.  You  look  at  this  with  one  eye, 
and,  trained  by  experience,  you  interpret  what  you  see  according  to 
your  preconceived  conceptions.  A  similar  effect  is  obtained  when 
you  look  at  such  pictures  witb  both  eyes,  at  a  distance  great  enough 
for  tbe  axes  of  the  eyes  to  be  virtually  paralleL 

I  remember  some  large  imitation  relievos  on  the  cornices  of  some 
of  the  apartments  in  tbe  Louvre  at  Paris,  and  some  still  larger  pio- 
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tares  of  the  same  kind  in  tbe  Bonrae,  by  whioh  the  impreasion  of 
solidity  IB  so  well  given,  that,  thongb  the  paintioga  are  qnite  flat,  they 
are  gonerally  taken  by  etrangera  for  real  relievos.  I  havo  a  photo- 
graph of  a  figure  in  such  low  relief,  that,  lookiog  at  it  with  both  eyes 
at  a  distance  of  only  two  feet,  you  conlil  almost  swear  to  its  solidity ; 
the  SDggeBtion  of  solidity  given  by  its  lights  and  shadows  being  bo 
vivid,  as  to  overcome  the  corrective  effect  of  the  binooolar  perceptioa 
of  its  fiatnesa, 

I  dwell  upon  this  point,  hecanae  it  nnderllea  the  whole  inquiry 
before  us.  I  have  here  four  large  photographs  of  plaques  repre- 
senting the  Four  Seasona,  with  the  oraamentation  and  figures  in  high 
relief.  When  yon  look  at  three  of  these  with  one  eye,  you  will 
scarcely  be  able  to  persnade  yourselves  that  you  ore  not  seeing  actual 
relievos,  so  vividly  do  the  figures  stand  out.  But  I  have  hung  one  of 
them  upside  down ;  and  though  you  may  not  all  see  it  as  I  do,  I  think 
the  impression  upon  most  peraong  will  be  that  the  figures  are  hollowed 
out,  instead  of  raised.  In  each  case  the  illuaion  depends  mainly  upon 
the  light;  and  it  is  most  complete  nhea  there  is  bnt  one  source  of 
light  in  the  room,  corresponding  with  the  lights  in  the  photograph. 
The  mental  impression  is  entirely  due  to  suggestion ;  yon  know  the 
position  of  the  light,  and  can  tell  in 
which  direotion    the   shadows  would  ~ 

fall ;  and  when  the  shadow  is  made  to 
fall  as  it  would  if  the  object  were 
hollow,  then  the  mind  interprets  the 
object  as  such.  Another  remarkable 
instance  of  au^^ation  is  aflTorded  by 
this  figure  of  a  rhomb  (fig.  80),  which, 
as  you  look  at  it,  may  seem  to  change 
from  one  position  to  another,  some- 
times appearing  to  stand  upon  its 
narrow  aide,  at  other  times  to  he  lying 
on  its  broad  aide.  Sir  D.  Brewater 
says  that  the  perception  changes  from  one  to  the  other,  as  you  feel 
yoiir  miud  changing ;  but  I  believe  that  the  perceptional  and  therefore 
the  mental  change  is  the  result  of  the  wandering  cf  the  eye  from  the 
point  a  to  the  point  6 ;  for  I  have  never  failed  to  see  one  or  the 
other  aspect,  by  making  my  eyes  converge  upon  one  or  the  other  of 
these  two  points,  which  then  becomes  the  aalxent  angle.  This  is  a 
case  in  which  two  different  effects  of  projection  may  be  produced  by 
the  same  visual  impression ;  a  consideration  much  dwelt  upon  by 
Sir  Charles  Whoatstone  in  his  original  memoir,*  as  proving  that  the 
conception  of  solid  form  is  vimalli/  tuggeaied  to  the  mind,  not  a  mere 
optictd  effect. 

I  now  come  to  the  subject  of  Binoe^ilar  Stereoscopic  vision,  which 
waa  first  elucidated  in  that  memoir.  Faintera  had  long  been  aware 
of  the  fact,  that  if  you  look  at  a  near  object  with  both  eyes,  yon  form 
different  pictures  with  your  two  eyes.    How  ia  it,  then,  that  we  are  not 
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puzzled  by  theae  different  pictures,  presented  to  the  mind  at  the  same 
time  ?  Wbeatstone  applied  himself  to  the  study  of  this  question ;  and 
in  the  course  of  his  investigations  it  occurred  to  him  that  the  dissimi- 
larity of  the  two  pictures  was  really  the  cause  of  the  sense  of  pro- 
jection ;  and  that  though  we  have  this  sense  with  a  single  eye,  it  is  in 
such  case  by  no  means  so  unmistakable.     He  therefore  reasoned  in 
this  way  ;  if  you  draw  two  pictures  of  an  object,  one  as  it  appears  to 
the  right  eye,  and  the  other  as  it  appears  to  the  left,  and  then  throw 
the  images  of  these  dissimilar  pictures  upon  the  two  eyes  respectively, 
you  will  get  a  solid  effect.     The  original  form  of  the  Stereoscope  was 
a  reflecting  apparatus,  consisting  of  two  mirrors  placed  together  at  a 
right  angle,  so  that  each  reflected  the  image  of  its  own  picture  direct 
to  its  own  eye ;  and  with  this  instrument  Wheatstone  found  that  two 
mere  outlines  of  a  solid,  drawn  as  already  described,  and  reflected  so 
that  each  was  seen  only  by  the  eye  for  which  it  was  drawn,  resulted 
in  the  production  of  a  perfect  perception  of  the  solid  form.    No  one 
welcomed  this  discovery  more  than  Sir  David  Brewster ;  who  said 
that  it  was  the  greatest  that  had  been  made  in  vision  since  the  time  of 
Newton.    This  combination  of  two  dissimilar  pictures  is  the  funda- 
mental principle  of  the  Stereoscope.     In  the  form  of  that  instrument 
now  familiar  to  you  all,  a  pair  of  small  photographic  pictures,  taken 
in  different  perspectives,  are  brought  one  before  the  right  eye,  the 
other  before  the  left,  by  two  halves  of  a  double-convex  lens  placed 
back  to  back,  so  as  to  act  both  as  prisms  and  as  magnifiers.    The 
points  of  view  from  which  the  two  pictures  are  taken,  are  generally, 
I  believe,  about  15°  apart ;  that  being  the  usual  angle  of  oonvergence 
of  the  axes  of  the  eyes  at  the  ordinary  reading  distance.     The  late 
Mr.  Claudet,  who  paid  a  great  deal  of  attention  to  this  subject  in 
relation  to  portraiture,  tried  various  angles ;  and  having  taken  pictures 
at  5%  at  lO'',  at  12%  at  W,  and  at  20"",  he  found  that  5"^  gave  very 
little  projection,  10°  was  more  satisfactory,  but  12°  was  much  better ; 
and  for  people  with  nearly  approximated  eyes  it  was  foimd  to  be 
sufficient ;  but  for  most  people,  15°  was  required  to  bring  out  the  full 
stereoscopic  effect,  whilst  if  he  widened  the  angle  to  20°  all  the  pro- 
jecting parts  came  out  with  ludicrous  exaggeration.     (I  have  an  early 
stereoscopic  photograph  of  an  equestrian  statue  of  Napoleon,  showing 
this  exaggeration  in  a  very  marked  degree,  the  two  pictures  having 
been  taken  at  too  wide  an  angle.) 

As  an  illustration,  take  a  truncated  pyramid  which  is  placed  end-on 
before  one  eye,  as  is  shown  in  fig.  81a;  with  that  eye  alone  you  would 
be  unable  to  measure  the  relative  distances  of  its  parts,  and  the 
borders  of  its  base  and  truncated  top  would  appear  like  two  squares 
symmetrically  placed  one  within  the  other.  But  if  placed  in  front 
of  the  nose,  the  right  eye  would  see  more  of  the  right  side  of 
the  pyramid  (as  in  the  fig.  81  c\  whilst  the  left  eye  will  at  the  same 
time  Boe  more  of  the  left  side  of  it  (as  in  fig.  81  h)  ;  and  if  these  two 
pictures  arc  put  into  the  Stereoscope,  and  each  is  seen  at  the  same  time 
— the  one  by  the  right  eye,  and  the  other  by  the  left — the  apparent 
solidity  of  the  figure  is  brought  out  perfectly ;  that  is,  these  two  dis- 
similar pictures,  viewed  simultaneously,  suggest  to  the  mind  a  oon- 
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oepiion  of  the  projeation  of  the  solid  from  which  the^  are  taken.  Bat 
if  the  figure,  instead  of  being  solid,  was  hollow,  and  was  placed 
before  the  eyes  so  as  to  shovr  ita  interior,  then  the  right  eye  woald 
Bee  more  of  the  left  side,  and  the  left  eye  wonld  see  more  of  the  right 
side  (m  in  figs.  81 «  and  81  d) ;  and  when  these  two  pioturea  are  put 
into  the  Stereoecope,  the  centre  appears  to  recede  in  an  nnmiatakable 
laanner.  I  hare  here  a  stereoacopio  slide  showing  these  two  pairs  of 
pictnrea  at  the  same  time ;  and  if  you  look  at  it  in  the  Stereoscope, 
the  "  conTersion  of  relief  "  prodaced  by  the  "  crossing  "  of  the  right 
and  the  left  hand  pictnrea  of  the  pyramid,  will  be  at  onoe  apparent. 

Bnt  in  addition  to  these  impressions  of  solid  form,  anotiier  very 
carious  fact  now  cornea  out.  The  four  small  squares  are  of  exactly 
the  same  size  in  the  pictnree ;  and  yet  as  yon  look  at  them  in  the 
Stereoscope,  yon  will  all  say  that  the  square  at  the  end  of  the  hollow 
pyramid  eeems  larger  than  the  other.     The  apparent  oscess  differs 
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in  different  persons;  for  some  see  the  receding  pyramid  as  if 
much  deeper  than  others,  and  describe  it  as  like  a  tunnel;  and  to 
them  the  small  square  looks  Tory  mnoh  larger.  This  is  another 
case  of  mental  suggestion,  and  one  which  no  optical  diagrams  can 
explain,  because  it  is  clear  that  the  retinal  pictures  must  be  of  exactly 
the  same  size,  however  different  they  may  seem  vitualli/.  Sir  Charles 
Wheatstone  in  his  second  Memoir  (FhiL  Trans.,  1862)  clearly 
proved,  by  experiments  made  with  bin  improved  reflecting  Stereoecope, 
that  onr  conception  of  the  size  of  an  object  pictured  on  the  retina 
ordinarily  depends  on  our  appreciation  of  its  distance ;  and  that 
this  again  (in  the  case  of  anear  object),  depends  upon  the  convergence 
of  our  optic  axes.  If  we  have  an  object  of  known  size,  and  we  bring 
it  nearer  to  the  eye,  it  does  not  eeom  to  be  a  larger  object :  because 
we  know  that  though  it  subtends  a  wider  visual  angle,  making  tbo 
retinal  picture  larger,  its  distance  from  us  bos  diminished.  And 
be  shoved  that  by  making  the  optic  axes  converge,  and  bo  suggesting 
to  the  mind  that  the  object  was  approaching,  though  it  was  not  Drought 
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nesrer  (its  letiiud  picture  remmini'ng  of  the  nme  size) — it  seemed  to 
become  smaller ;  while,  by  opeDing  ont  the  angle  of  ooiiTergenoe, 
the  pictures  seemed  to  grow  larger.  Here,  th^  we  haTe  a  most 
perfect  example  of  an  antomatic  mental  interpretation,  in  which  the 
apparent  size  is  determined  by  the  conjoint  impressions  we  are 
receiving  from  the  conyergence  of  the  optic  axes  and  the  actual 
size  of  Uie  retinal  pictures.  And  so  when  the  mental  interpretation 
of  the  stereoscopic  form  throws  the  small  square  back,  and  Uie  visual 
picture  remains  of  the  same  size,  the  &ct  of  its  receding  without 
diminishing  suggests  the  mental  impression  that  it  is  of  a  reidly  larger 
size.  There  is  no  gainsaying  these  things ;  they  are  simply  hcta  in 
Mental  Physiology ;  and,  as  I  have  already  said,  they  are  not  a  matter 
of  Optics,  but  the  results  of  a  menial  process  of  interpretoHon  of  the 
Tisual  impressions  received. 

I  might  go  on  to  demonstrate  this  still  further  by  means  of  the 
Pseudoscope,  if  time  permitted.  This  is  an  arrangement  of  prisms 
for  bringing  the  right-hand  picture  of  an  actual  object  to  the  1^  eye, 
and  the  left-hand  picture  to  Uie  right  eye ;  and  just  as  the  "  crossing  " 
of  two  stereoscopic  pictures  produces  a  conversion  of  relief  in  the  com- 
posite image,  so  does  this  reversal  of  the  combinatioa  suggest  to  the 
mind  a  reversal  of  the  relief  of  the  image  of  the  actual  object  The 
effect  of  '*  suggestion  "  is  well  shown  by  a  simple  experiment.  Here 
is  an  ordinary  tin  cake-mould  ;  now  if  you  place  this  before  one  eye 
so  that  the  light  falls  directly  into  it,  and  you  look  at  it  with  that  eye 
alone,  inasmuch  as  you  are  more  accustomed  to  see  the  solid  form  than 
the  hollow,  you  will  probably  see  it  projecting  towards  you.  (To  see  it 
in  this  way,  there  must  be  no  shadow,  for  this  will  oblige  you  to 
recognize  its  concavity.)  The  experiment  is  best  made  by  daylight, 
the  mould  being  held  up  so  as  to  fihce  the  person  looking  into  it  with 
his  back  to  a  window.  The  picture  that  Mis  on  his  retina  is  virtually 
that  of  a  flat  surface ;  seeing  it  as  such,  he  has  to  interpret  the  meaning 
of  that  picture ;  and  as  he  is  more  accustomed  to  see  the  solid  form  than 
the  hollow  mould,  the  latter  is  preferentially  suggested  to  his  mind. 
As  another  very  curious  instance  of  this  kind  of  suggestion,  I  have 
here  a  mask,  which  I  long  ago  got  one  of  my  sons  to  paint  inside, 
just  in  the  same  way  that  the  outside  is  usually  painted.  If  this  is 
held  up  so  that  there  is  no  shadow,  and  a  person  looks  into  it  steadily 
with  one  eye,  the  mental  impression  is  that  of  projection.  I  was 
about  to  write  a  paper  on  Binocular  Vision  and  Uie  Stereoscope 
ior  the  '  Edinburgh  Keview,'  and  I  asked  the  editor  to  come  to  my 
residence  and  see  a  few  experiments.  I  placed  him  with  his  back  to 
the  window,  and  then,  holding  up  this  mask  with  the  inside  towards 
him,  so  that  the  light  fell  into  it  without  causing  shadow,  I  asked 
him  to  look  at  it  with  one  eye,  and  to  say  what  he  saw.  He  said  at  once 
that  he  saw  the  face  of  an  ordinary  mask.  I  then  told  him  to  open 
the  other  eye,  and  he  was  utterly  astonished  to  find  that  he  had  been 
looking  at  the  inside.  Sir  Charles  Wheatstone  told  me  that  by  long 
looking  at  a  bust  with  his  Pseudoscope,  he  had  been  able  to  reverse 
its  relief;  but  that  he  could  never  do  so  with  a  living  human  fM)e« 
And  I  have  found  that  although,  by  crossing  the  pictures  in  the 
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Stereoscope,  any  oonceivable  reversion  can  be  made,  no  such  conversion 
of  relief  will  take  place  when  two  portraits  taken  stereoscopicallj 
are  thus  crossed — ^the  mind  refusing  to  accept  the  suggestion. 

Having  thus  fully  prepared  my  ground,  I  shall  briefly  deal  with 
my  proper  subject.  Prof.  Abbe,  as  I  understand  him,  says  that  the 
perception  of  relief  in  the  case  of  the  Binocular  Microscope  is  some- 
thing dififerent  from  that  of  ordinary  stereoscopic  vision  ;  and  that  it 
depends  more  npon  the  relative  planes  of  portions  of  the  object.  I 
maintain,  however,  that  it  depends  npon  the  combination  (as  in 
the  Stereoscope)  of  two  dissimilar  perspective  projections.  We 
all  know  that  the '  conception  of  solid  form  or  projection  which 
we  get  with  the  Biereoacopic  Binocular  (in  which  the  prism  divides 
the  cone  of  rays  into  its  right-hand  and  left-hand  halves),  is  very 
different  from  tiiat  which  we  get  with  the  non-stereoscopic  Binocular, 
in  which  half  the  rays  of  the  entire  cone  are  sent  into  each  of  the 
two  bodies  respectively.  Every  one  also  knows  that  in  viewing  a 
solid  object  he  canxiot  get  adequate  focal  depth  with  a  very  wide- 
angled  objective.  When  our  makers  were  bringing  out  1/2  in.  ob- 
jectives of  very  wide  angles,  up  to  90^,  I  tried  one  of  them  on  a  slide 
of  Folycyttinay  but  could  make  nothing  of  it ;  for  a  portion  of  a 
8pheri(»l  form  (which  was  all  that  coiild  be  brought  into  focus)  looked 
very  much  like  the  small  end  of  an  egg.  When  I  reduced  the  angle 
to  60%  the  same  portion  of  a  sphere  looked  like  the  large  end  of  an 
egg ;  but  when  I  further  reduced  the  angle  to  40%  I  saw  every  form  in 
its  true  projection.  I  got  Mr.  Powell  to  construct  for  me  a  1/2  inch 
objective  of  40^ ;  and  this  has  been  the  progenitor  of  a  goodly  off- 
spring of  low-angled  objectives,  which  give,  in  the  Binocular,  the  real 
solid  forms  of  opaque  objects.  I  maintain  that  the  pictures  which 
we  receive  from  the  two  lateral  halves  of  such  an  objective,  are  as 
dissimilar  as  two  portraits  taken  at  an  angle  of  16°;  and  that  it  is 
by  the  stereoscopic  combination  of  these,  that  the  impression  of 
solidity  is  suggested. 

It  is  interesting  to  go  back  to  Mr.  Wenham's  first  paper  on 
this  subject,*  written  just  thirty  years  ago.  He  was  then  working 
out  the  problem  of  the  Binocular  Microscope :  rightly  apprehending 
the  principle  of  the  Stereoscope,  he  attempted  to  reproduce  its 
effects  in  the  Microscope ;  and  you  know  how  he  ultimately  succeeded, 
although  his  first  results  were  unsatisfactory.  Prof.  Biddell  also 
at  first  failed,  and  for  the  same  reason, — that  they  both  lost  sight  of 
the  fact  that  as  the  Microscope  itself  reverses  the  pictures,  it  is  neces- 
sary that  they  should  be  nuide  to  cross  before  reaching  the  eyes  of 
the  observer.  Some  among  you  will  no  doubt  remember,  that  the  first 
binocular  Microscopes  which  were  made,  gave  such  a  view  of  the 
objects,  that  though  you  sometimes  saw  them  stereoscopically,  the 
general  effect  was  pseudoscopic.  Now,  Mr.  Wenham  in  the  course  of 
his  investigations  did  this ; — he  took  a  very  suitable  object  for  the 
purpose,  the  egg  of  a  bug,  and  having  put  it  under  a  2/3  in.  ob- 
jective, he  covered  up  half  the  lens  and  made  a  drawing  of  the  object 

•  Trans.  Micr.  Soc.,  11.  (1854)  p.  4. 
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as  it  then  appeared ;  he  then  covered  np  the  other  half,  and  made 
another  drawing.  Ton  can  see  for  yourselves  that  these  two  figores 
are  two  dissimilar  pictures ;  and  I  have  foand  that  they  pair  perfectly 
well  in  the  Stereoscope,  bringing  oat  the  object  in  relief.  I  have  at 
home  two  photographs  taken  in  the  same  way,  showing  by  their 
combination  precisely  the  same  result. 

Another  very  curious  piece  of  evidence,  furnished  by  the  dissimi- 
larity of  the  pictures  given  by  the  two  lateral  halves  of  a  portrait- 
lens,    will   streogthen    my  case.      In    1857    Mr.   Olaudet  brought 
before    the    Boyal   Society    this  very  interesting   fact:  —  ''I  have 
noticed   that    when  I  hold  my  head  in  a  certain   position  behind 
the  focusing  ground  glass,  I  see  the  sitter,  not  as  a  flat  picture, 
but   as  an  image  in    relief.      Bat  this  image  is  only  to  be  seen 
when  my  bead  is  in  a  certain  place ;  if  I  move   it  to  either  side, 
or  either    forwards   or  backwards,  I  lose  the   efifect."      He  found 
the  explanation  of  it  to  be,   that  in  that  particular  position  the 
picture  taken  by  the  left  half  of  the  lens  came  t«  his  right  eye,  while 
the  picture  formed  by  the  right  half  came  to  his  left  eye ;  whilst,  if 
he  moved  so  that  he  broke  the  lines  of  these  two  images,  he  lost  the 
effect ;  he  further  found  that  if  he  covered  up  either  half  of  his  lens, 
the  solid  image  gave  place  to  a  flat  picture,  proving  the  combination 
of  the  two  to  be  required  to  give  the  impression  of  solidity.     He 
found  that  the  effect  of  relief  was  most  decided,  when  rays  forming 
the  picture  were  only  allowed  to  pass  through  an  aperture  at  each 
end  of  the  horizontal  diameter  of  the  lens,  all  the  rest  being  stopped 
out ;  while  the  appearance  of  solidity  was  lost  when  only  the  central 
portion  of  the  lens  was  employed.    Further,  he  found  that  the  illusion 
of  relief  is  not  produced  when  the  image  was  received  on  translucent 
paper  instead  of  on  ground  glass ;  the  reason  of  this  difference  being 
that,  as  all  the  molecules  of  the  ground   glass  are  in  themselves 
transparent,  though  their  surfaces  are  turned  into  lenses  or  prisms 
by  grinding,  some  of  the  rays  pass  through  it  to  the  eyes ;  whilst, 
when  the  image  is  thrown  upon  paper,  the  rays  are  stopped  by  the 
opacity  of  its  fibres,  each  molecule  of  which,  becoming  self-luminous, 
sends  out  its  rays  in  all  directions,   so  that  one  and  the  same 
picture  of  the  object  is  seen  by  both  eyes.    Mr.  Claudet  obtained 
further  proof  of  ihe  correctness  of  his  interpretation  by  placing  a 
blue  glass  before  one  of  the  marginal  openings  of  his  portrait  lens 
and  a  yellow  glass  before  the  other.    The  image  seen  when  the  eyes 
were  in  a  position  to  receive  and  combine  the  two  pictures  was  of  a 
grey  tint.     Bat  if  one  eye  was  closed,  the  image  became  blue ;  and  if 
the  other  was  closed,  it  became  yellow, — the  same  effect  being  pro- 
duced  by  moving  the  head  to  one  side  or  the  other.*     Altibough 
Mr.  Glaudet's  view  of  this  matter  was  denounced  by  Sir  D.  Brewster 
as  completely  at  variance  with  the  laws  of  optics,  yet  he  subsequently 
succeeded  in  establishing  it  beyond  question  by  the  oonstraction  of 
his  Stereo-monoscope ;  f  in  which  the  like  effect  was  given  by  throwing 
on  the  same  part  of  a  ground  glass,  by  two  separate  lenses,  two 

•  Proc.  Royal  Soc.,  viii.  (1856-7)  p.  569. 
t  Ibid.,  ix.  (1857-8)  p.  194. 
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diBtisct  pictures  of  the  same  object  taken  stereoecopically.  These 
apparently  coalesced  iato  a  single  flat  picture;  bnt  when  the  head 
was  so  placed  that  each  eye  received  the  rays  issuing  from  the  picture 
of  the  opposite  side,  the  same  effect  of  relief  or  projection  was  obtuned, 
as  if  the  two  pictures  bad  hoen  combined  by  means  of  the  ordinary 
Stereoscope. 

Now  I  cannot  see  how  these  facts  are  to  be  accounted  for  in  any 
other  way,  than  by  the  admiseion  that  the  pictures  formed  of  any 
object  in  relief,  by  the  different  parts  of  a  lens  of  sufficiently  wide 
angle  of  aperture,  are  aensibly  different  in  their  perspectives,— -as  » 
very  simple  construction  shows  that  they  ought  to  be.  _  Thus,  if  we 
were  to  place  a  heiagonal  prism  under  a  lens  of  three  times  its  own 
diameter  (fig.  82),  and  were  to  take  a  picture  of  it  first  through  the 
central  cinSet  only,  and  then 

through  each  one  of  the  peri-  Fia.  SZ. 

pheral  circlets  in  snccessioD — 
all  the  rest  of  the  lens  being 
stopped  out — we  should  have 
seven  dissimilar  pictures :  that 
given  by  the  central  circlet 
showing  only  the  hezi^onal 
top  of  the  solid,  but  in  its  trtie 
figure;  whilst  that  formed  by 
each  of  the  peripheral  circlets 
would  give  a  foreshortened  view 
of  the  hexagonal  top,  but  wonld 
also  bring  in  oblique  views  of 
three  sides  of  the  prism.  Now, 
in  the  case  described  by  Mr. 
Clandet,  we  should  only  receive 
the  images  tnm  the  two  lateral 
circlets  a  b ;  and  these  "  pair "  so  as  to  bring  out  the  effect  of  relief, 
because  they  correspond  with  the  two  dissimilar  perspectives  which 
would  be  formed  upon  our  two  retins,  if  we  were  viewing  the  solid 
prism  (enlarged  to  its  apparent  size^  at  the  ordinary  visual  distance. 

Bnt,  it  may  be  asked,  if  this  is  the  real  state  of  the  case,  how 
is  it  that  we  obtain  anything  like  a  distinct  image  of  any  solid 
prcjeding  object  viewed  moBOcnlarly — that  image  being  the  com- 
posite resultant  of  a  number  of  superposed  pictaree  differing  sen- 
sibly one  from  another.  ^Vhen  the  object  is  either  flat  or  in  low 
relief,  the  pictures  will  not  sensibly  differ,  unless  taken  with  a 
lens  of  mnch  wider  angle  than  the  40°  which  (as  I  have  already  stated ^ 
I  regard  as  the  true  limit  for  an  objective  to  be  used  with  the 
stereoBcopio  binocular.  Now  we  have  in  Mr.  Francis  Galton's 
remarkable  "  composite  portraits,"  a  proof  that  pictures  even  of 
different  individual  men,  having  the  some  general  &cial  proportions, 
but  expressions  so  different  that  each  may  he  at  once  distinguished 
from  the  other,  may  he  blended  photographically  into  one  image 
which  would  not  be  remorked-ou  as  wanting  in  definition.  And  so 
the  pictures  formed  of  such  an  object  as  a  Polycystine,  Eitcyrtidium 
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or  PodotyriUj  by  Uie  serenl  ciicletB  (as  in  fig.  82)  of  a  lens  of  4(f 
aperture,  thoagh  aeioallj  difiere&t,  wOl  Uend  into  a  oompoeite  image 
— a  aort  of  Tibial  avezage.  But  when  the  two  lateral  halves  of  sach 
a  lens  are  made,  bj  the  stereoaeopic  binocolar,  to  give  to  the  right 
and  left  eyes  zespectiTelj  separate  and  soisiblj  dissimilar  pictures, 
eorreqwoding  in  their  perspectiTe  projections  to  what  the  r^  object 
wonld  gire  to  the  right  and  left  ejes,  if  enlarged  to  the  same  size, 
and  placed  at  10  in.  distance  from  them  —  then  the  visoal  con- 
ception of  solidity  is  Tividlj  called  up.  As  I  have  already  shown 
yon,  this  conception  may  be  excited  also  by  other  suggestions — a 
one-^yed  person  being  able  to  see  objects  in  relief^  as  a  microscopist 
sees  them  in  a  mcmocular  instrumenL  But  there  is  nothing  which 
80  strongly  and  uniformly  excites  this  yisnal  conception  of  solid 
form,  as  the  ccMnbination  of  the  two  ^JiagimilAr  perspectives ;  and  this 
seems  to  me  to  be  effected  by  the  instrumentality  of  the  Stereoscopic 
Binocular,  exactly  as  (by  Sir  G.  Wheatstone's  admirable  demon- 
strations) we  know  it  to  be  effected  in  ordinary  binocular  vision.* 

Mr.  Crisp  said  that  at  that  late  hour  he  would  compress  into  a 
brief  compdkss  his  remarks  in  support  of  Profl  Abbe*8  view. 

So  far  as  Dr.  Garpenter  intended  only  to  insist  that  stereoscopic 
vision  in  the  Microscope  resulted  from  two  dissimilar  images,  there 
was  no  disagreement  between  himself  and  Prof.  Abbe,  and  this  being 
so,  nearly  all  of  Dr.  Carpenter's  interesting  discussion  was  not  really 
in  controversy  so  far  as  Prof.  Abbe  was  concerned. 

The  difference  between  Dr.  Carpenter's  view  and  that  of  Prof.  Abbe 
was  as  to  the  mode  in  which  the  two  dissimilar  images  were  formed. 
Dr.  Carpenter  suggested  that  they  are  formed  in  the  Microscope  just 
in  the  same  way  as  in  the  case  of  the  naked  eye,  L  e.  perspectivcly  ; 
whilst  Prol  Abbe  insisted  that  oblique  vision  in  the  Microscope  is 
entirely  different  from  that  in  ordinary  vision,  inasmuch  as  there  is 
no  perspective ;  so  that  we  have  no  longer  the  dissimilarity  which  is 
the  basis  of  the  ordinary  stereoscopic  effect,  but  an  essentially  different 
mode  of  dissimilarity  between  the  two  pictures. 

If  we  look  at  a  small  cube  vnth  the  naked  eye  from  an  oblique 
direction  it  will  be  agreed  that  we  shall  see  it  as  a  perspective  pro- 
jection upon  a  plane  at  right  angles  to  the  direction  in  which  we  are 
looking,  with  ^e  well-known  perspective  shortening  of  all  lines  which 
are  not  parallel  to  that  plane.  In  the  Microscope,  however,  according 
to  Prof.  Abbe's  view,  there  is  no  such  perspective  shortening,  but 
the  cube  is  imaged  in  the  manner  described  in  his  paper,  t 

That  the  latter  is  the  correct  view  is  proved  by  the  fact  that 
there  is  no  difference  in  the  outline  of  an  object  viewed  under  the 
Microscope  by  an  axial  or  by  an  oblique  pencil ;  there  is  simply  a 
lateral  displacement  of  the  image — an  entirely  different  phenomenon 
to  that  which  occurs  in  non-microscopic  vision.    Again,  in  ordinary 

*  \_Addendiun. — I  wish  it  to  be  distinctly  understood,  that  in  this  dlBCUssion  I 
refer  exdusively  to  microscopic  images  formed  dioptricaUy  by  objectives  of  low 
power  and  small  angular  aperture,  and  not  to  those  formed  (as  Prof.  Abbe  haa 
shown)  by  the  combination  of  diffractton-apectra, — W.  B.  C] 

t  AnU,  p.  2a    See  also  I  (1881)  pp.  422-3. 
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vision,  a  lined  object  wiU  appear  to  have  its  lines  closer  and  doser 
together  according  as  it  is  seen  more  and  more  obliquely.  In  the 
Microscope,  however,  we  have  the  same  nmnber  of  lines  to  the 
inch  whether  the  object  is  seen  bj  an  axial  or  an  oblique  pencil. 

This  essential  difference  between  naked-eje  and  microscopic 
vision  by  oblique  pencils  (which  Prof.  Abbe  had  been  the  first  to 
point  out)  was  most  important  to  be  kept  in  mind,  as  the  opposite 
assumption  had  led  to  some  of  the  greatest  of  the  mare's-nests  of 
microscopy  ^**  All-round  Vision,"  &c). 

The  admission  of  this  difference,  however,  did  not  invalidate  any  of 
the  practical  illustrations  which  Dr.  Carpenter  had  given.  The  experi- 
ments of  Mr.  Glaudet  and  Mr.  Wenham,  for  instance,  were  performed 
with  objectives  of  low  aperture.  Now  the  difference  between  the 
two  modes  of  oblique  vision  varies  as  the  cosine  of  the  angle  of 
obliquity,  so  that  up  to  the  limit  of  angle  for  objectives  suitable 
for  binocular  work,  say  40%  the  difference  does  not  exceed  1  per 
cent. — an  amount  quite  inappreciable  by  the  eye. 

Dr.  Carpenter  said  he  was  not  sorry  to  find  that  Prof.  Abbe  and 
himself  were  not  so  much  in  difference  as  he  had  thought  to  be  the 
case.  With  large  apertures,  however,  the  whole  conditions  of 
vision  were  so  entirely  different  that  they  could  scarcely  be  com- 
pared ;  while,  as  regarded  images  of  lines,  they  were  so  mixed  up 
with  diffiraction  effects  that  the  question  was  necessarily  in  a  very 
unsettled  condition.  If,  however,  Prof.  Abbe  was  in  agreement  with 
him  as  to  apertures  under  40%  then  clearly  there  was  no  question 
between  them. 

The  President,  in  proposing  a  vote  of  thanks  to  Dr.  Carpenter, 
said  that  he  was  sure  he  was  in  accord  with  the  unanimous  feeling  of 
all  present,  in  expressing  the  gratification  which  Dr.  Carpenter's 
presence  that  evening  had  afforded  them. 


Mr.  E.  M.  Nelson's  observations  on  the  Bacilli  of  tubercle  were 
referred  to  by  Mr.  Michael,  who  said  that  Mr.  Nelson  had  found  that 
when  examined  with  dark-ground  illumination  they  take  the  light  in 
an  unexpected  and  peculifur  manner,  appearing  like  grains  of  gold- 
dust  on  black  velvet.  The  best  effect  was  obtained  by  Swift's  140° 
condenser,  with  stop,  illuminated  by  a  lamp  having  a  large-angled 
bull's-eye  accurately  centered  and  focused,  and  the  plane  mirror. 
Excellent  images  are  obtained  by  this  method  with  a  2/3  in.  and 
1/2  in.  eye-piece  or  a  4/10  and  a  1  in.  eye-piece.  Mr.  Nelson  thinks 
three  advantages  accrue  from  this  kind  of  illumination: — 1st.  The 
low  power  by  which  the  organisms  may  be  studied.  2nd.  The  great 
ease  with  which  they  may  be  detected  in  tissue ;  and  3rd.  Saving  to 
the  eyes. 

Mr.  Badcock  described  some  observations  he  had  recently  made 
on  some  specimens  of  SttrireUa  hifrons,  which  showed  small  processes 
similar  to  those  found  in  the  Arcellinad,  and  by  means  of  which  the 
diatoms  seemed  to  be  moved  to  and  fro  (see  p.  352). 

6er.  2.— Vol.  IV.  2  L 
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Mr.  Oviillftraeni  described  a  slide  showing  a  tnie  Xantkidium  in 
H^lifi^T  coal  strata,  disooyered  by  Mr.  James  Spencer,  of  HalifaT,  who 
also  prepared  the  slide. 

Mr.  Bolton*8  note  was  read  on  the  finding  in  Epping  Forest  of 
the  Rhisopod  daihruUna  elegam^  which  forms  a  transition  from  the 
fresh-water  Heliosoa  to  the  marine  PolycTstina.  This  was,  Mr.  Bolton 
bolieTed,  the  first  disooTcry  of  it  in  England. 


Mr.  Criip  asked  that  any  Fellows  finding  Me^alotrocha  albo- 
JiameamM^  or  Lacimulana  BodaUs^  would  send  liying  specimens  to  Dr. 
C.  T.  Hudson,  who  was  much  in  want  of  them  for  his  forthcoming 
work  on  the  Botatoria. 


The  President  annoonoed  that  the  following  resolution  had  that 
evening  been  passed  by  the  Council,  and  gaTe  notice  that  a  special 
meeting  of  the  Society  would  be  held  on  the  14th  May  next,  for  the 
purpose  of  taking  it  into  consideration,  and  passing  such  resolutions  as 
mi^t  be  considered  desirable,  whether  by  alteration  of  the  by-laws 
or  otherwise: — 

**  That  it  is  expedient  that  ladies  should  be  admitted  as  members  of 
the  Society,  either  as  Fellows  or  Associates,  or  under  such  other  title 
as  the  Society  shall  determine^  proTided  that  they  shall  not  attend  the 
ordinary  meetings." 

The  President  also  announced  that  in  consequence  of  the  change 
of  librarian,  the  second  Conyersasiane  would  be  omitted  for  this 
flession. 


The  foUowing  Instruments,  Olgeets,  Ae.,  were  exhibited :— 

Mr.  Badoock : — Slide  in  illustration  of  his  paper. 

Mr.  Bolton : — ClaikruUna  eUffam. 

Dr.  Carpenter : — Photographs  in  illustration  of  his  paper. 

Mr.  Crisp : — ^Paraboloid  for  rotating  illumination  in  azimuth. 

Mr.  Guimaraens : — Xantkidium  in  Halifax  coal  strata. 


Hew  Fellows. —  The  following  were  elected  Ordinary  FellowB : — 
Messrs.  Charles  Botterill,  Aristides  Foumet,  Bey.  T.  M.  Gorman, 
Henry  Gradbe,  M.D.,  G.  Massee,  Benjamin  Owen  Meek,  Gerald  Sturt, 
and  John  Michael  Williams. 
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Speoial  and  Obdinabt  Mektinos  of  14th  Mat,  1884,  at  King's 
College,  Stband,  W.O.,  the  President  (Rev.  W.  H.  Dalunobb, 
F.R.S.)  IN  the  Chaib. 

The  President,  in  opening  the  special  meeting  ^called  for  the 
purpose  of  considering  tiie  proposed  admission  of  ladies  as  Fellows 
of  the  Society),  requested  Mr.  A.  D.  Michael  to  move  a  resolution. 

Mr.  Michael  said  he  found  himself  unexpectedly  charged  with 
the  resolution  under  circumstances  which  he  would  explain.  He 
thought  he  should  not  he  making  any  unnecessary  disclosure  by 
saying  that  the  C!ouncil  were  led  to  the  consideration  of  the  matter 
by  an  application  which  was  received  from  a  Fellow  of  the  Society 
(Sir  Henry  W.  Peek,  Bart.,  M.P.),  inquiring  if  it  was  in  order  for 
him  to  nominate  a  lady  as  a  Fellow  of  the  Society.  Being  thus 
appealed  to,  the  Council  cousidered  the  matter,  and  on  its  being 
found  that  under  their  present  by-laws  it  was  not  possible  to  do 
what  was  asked,  some  of  the  Council  were  of  opiuion  that  it  would 
be  desirable  to  admit  ladies,  pure  and  simple.  He,  for  one,  however, 
was  not  able  to  see  his  way  clear  to  agree  with  so  large  a  proposition, 
and  his  share  in  the  matter  was  counccted  with  the  proviso  at  the 
end  of  the  resolution  which  was  approved  by  the  majority  of  the 
Council.  As  it  thus  originated  with  him,  he  became  charged  with 
the  duty  of  submitting  it  to  the  meeting.  The  feeling  of  the  Council, 
as  expressed  by  the  resolution,  was  that  there  could  be  no  objection 
to  ladies  being  admitted  as  Fellows,  provided  that  they  did  not  attend 
the  ordinary  meetings.  For  his  own  part,  he  could  not  but  see  grave 
objections  to  the  admission  of  ladies  at  the  ordinary  meetings^ 
because  in  the  course  of  their  proceedings  subjects  were  often  intro- 
duced which  English  gentlemen  could  not  freely  discuss  in  the 
presence  of  ladies.  At  least,  this  had  been  found  to  be  the  effect  at 
other  societies  where  ladies  had  been  admitted  without  limitatioiu 
For  this  reason  he  was  opposed  to  the  proposal  as  originally  made ; 
but  if  there  was  a  feeling  that  ladies  should  be  admitted  to  the  other 
privileges  of  the  Society — the  library,  the  instruments,  Journal,  &o.f 
he  did  not  see  any  objection  to  it.  He  thought  that  probably  the 
majority  of  the  very  few  ladies  who  might  be  caUed  practical  workers 
with  the  Microscope  would  desire  to  share  in  those  privileges  only, 
and  that  those  who  could  give  the  Society  the  most  assistance  would 
not,  under  any  circumstances,  attend  the  meetings.  He  also  wished 
it  to  be  understood  that  in  moving  the  resolution  there  was  no  desire 
on  the  part  of  the  Council  to  force  the  matter  upon  the  Fellows.  AU 
that  was  intended  was  to  submit  the  question  to  them  for  their  con- 
sideration and  to  invite  discussion  upon  it.  With  this  view  he  moved 
— *'  That  ladies  shall  be  eligible  as  Fellows  of  the  Society,  and  shall 
be  subject  to  all  the  obligations  and  entitled  to  all  the  privileges  of 
Fellows,  except  that  they  shall  not  be  entitled  to  attend  the  ordinary 
meetings  of  the  Society." 

Dr.  Anthony  seconded  the  motion. 

Mr.  Crisp  called  attention  to  the  fact  that  a  special  notice  of  this 
meeting  had  been  posted  to  all  Fellows  in  the  United  Kingdom. 

2  L  2 
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Dr.  Ooffin  mored  m  an  unendnient  that  the  last  fifteen  words  of 
the  resolution  {from  and  iaclnding  the  word  ^  except ")  he  omitted, 
so  that  ladies  should  he  admitted  to  all  the  priTil^ges  of  Fellows, 
including  attendance  at  the  ordinary  meetings. 

No  one  rising  to  second  the  amendment,  the  President  put  the 
original  resolution  to  the  meeting,  and  declared  it  to  be  carried. 

The  special  meeting  then 


The  List  of  Donations  (exdusive  of  exchanges  and  reprints) 
received  since  the  last  meeting,  was  submitted,  and  the  thanks  of  the 
Society  given  to  the  donors. 

From 
Oatalogoe  des  GoUectioiit  da  Mnaie  de  nndostrie.    241  pp. 

8to,  Bmxellefl,  1846       Le  BMiat/iicaire. 

Mmfe  R.  de  rindustrie — Biblioth^oe  Teohnologique — Oata- 

logoe.    275  pp.    Sto,  Braxelles,  1878       Ditto, 

45  BUdes  illastmting  vol.  i.  of  the  *  Monograph  of   British 

Oribaiidn Mr,  A.  D,  Michfid. 

Slide  ci  ffaUciwn  halecmuM Mr.  If.  C.  Chadtcick, 

Slide  of  Objects  foimd  in  Flae-dost  and  Ooal-adi Miss  Dancer. 

Slides  of  Sand  obtained  by  washing  clay  finom  the  bonlder  drift 

ofHinoesota Mr.  B.  W.Thomas. 

Fish-tioagh Mr.  A.  W.  Stokes. 

The  following  letter  from  Mr.  Michael  refeiring  to  his  donation 
was  read: — 

^  I  send  the  type  series  of  British  Qribatido  which  I  proposed 
giving  to  the  Society.  It  corresponds  exactly  with  voL  i  of  my  work 
on  the  British  Oribatid»,  just  published  by  the  Bay  Society. 

The  series  includes  all  the  species  mentioned  in  the  book,  except 
two,  of  which  I  have  not  any  duplicates.  It  also  includes  many  of 
the  immature  stages. 

I  have  marked  the  slides  with  a  running  number  so  that  if  they 
get  out  of  order  they  can  at  once  be  restored  to  the  arrangement  of 
file  book.    I  have  also  put  a  separate  list  of  the  slides  with  them. 

Blanks  are  left  for  the  two  species  of  which  I  do  not  possess 
duplicates.  Should  I  obtain  any  at  any  time  I  will  fill  up  these 
blanks ;  I  shall  also  hope  to  deposit  a  similar  series  illustrating  the 
second  volume,  whenever  that  shall  be  published. 

I  have  announced  in  the  preface  of  the  book  that  the  types  have 
been  deposited  with  the  Boyal  Microscopical  Society. 

Finally,  I  venture  to  hope  that  others  may  follow  my  example, 
and  that  it  may  assist  in  ultimately  placing  the  Society  in  possession 
of  such  a  collection  of  typical  and  interesting  slides  as  it  ought  to 
have." 

Dr.  C.  H.  Ck)lding-Bird  exhibited  and  described  his  new  freezing 
microtome,  which  was  intended  to  be  put  into  the  hands  of  students 
and  intermittent  workers.  It  was  graduated  to  cut  sections  of  less 
than  the  1/1000  in.  in  thickness,  whilst  in  one  form  it  was  adapted 
for  the  use  of  ice  and  salt,  and  in  another  for  use  with  ether  Bpray. 

Mr.  Groves,  in  reply  to  the  President,  said  that  he  had  had  the 
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pleasure  of  Boeing  and  examining  the  microtome,  and  it  seemed  to 
him  to  be  a  most  perfect  and  usefol  little  instrument. 

The  President  considered  one  of  its  advantages  to  be  that  it 
maintained  the  temperature  at  the  same  point  for  a  much  longer 
period  than  most  others. 


Dr.  P.  Herbert  Carpenter  gave  an  account  of  his  views  respecting 
the  nervous  system  of  the  Crinoidea,  which  he  illustrated  by  diagrams 
drawn  upon  the  board,  and  by  numerous  preparations  exhibited  under 
Microscopes.  He  directed  attention  more  particularly  to  the  branches 
from  the  axial  cords  of  the  skeleton,  which  extended  upwards  into  the 
ventral  perisome  at  the  sides  of  the  ambulacra  both  of  the  arms  and 
of  the  disk.  The  material  was  chiefly  derived  from  the  collection  of 
the  '  Challenger '  expedition,  and  the  results  when  complete  will  be 
embodied  in  the  volume  in  course  of  preparation. 

Dr.  Carpenter,  C.B.,  said  he  was  very  glad  that  his  son  had  brought 
this  subject  forward,  because  it  formed  an  extremely  good  illustration 
of  the  value  of  microscopical  investigation  where  important  questions 
had  to  be  determined.     In  this  instsmce  a  great  deal  hung  upon  the 
point  whether  these  cords  were  nerves  or  not ;  for  if  they  were,  then  it 
was  clear  that  the  whole  of  their  present  system  of  classification  of 
Echinodermata  must  undergo  revision,  because  all  morphologists  had 
been  trying  to  show  the  analogy  of  this  group  to  the  star-fishes,  of 
which  they  were  considered  to  be  only  a  family.     He  had,  however, 
always  held,  from  a  careful  study  of  them  during  the  last  thirty 
years,  that  the  general  structure  of  the  crinoids  was  formed  upon  a 
plan  very  dififerent  from  that  of  the  star-fishes.    Of  the  various  argu- 
ments which  his  son  had  brought  forward  to  prove  the  truth  of  that 
idea,  the  anatomical  argument  was  the  most  important,  as  being  a 
confirmation  of  what  he  had  himself  previously  advanced ;   for  it 
must  be  remembered  that  at  the  time  to  which  he  had  referred,  many 
things  could  not  be  demonstrated  because  they  had  not  then  known 
how  to  cut  thin  sections.     Very  early  in  his  investigations  he  had 
found  that  a  cord  which  had  been  discovered  by  MuUer,  and  consi- 
dered by  him  to  be  a  nerve,  was  a  genital  rachis,  which  would  devolope 
afterwards  according  to  the  sex  of  the  specimen.     But  by  the  adoption 
of  thin  section-cutting  a  flattened  band  was  discovered  beneath  the 
ambulacral  groove,  which  all  the  German  observers,  and  Professor 
Huxley  also,  at  once  concluded  to  be  the  nerve,  because  a  nerve  ought 
to  be  Uiere.   In  the  star-fishes  it  certainly  was  so ;  but  it  was  certainly 
not  the  only  nerve  in  crinoids.    He  was  early  led  to  regard  as  a  nerve 
a  cord  running  continuously  through  the  c^careous  segments  of  tho 
arm,  and  originating  in  a  central  organ  in  the  base  of  the  calyx. 
This  organ,  which  is  an  expansion  of  the  summit  of  the  original 
orinoid  stem,  is  divided  into  five  chambers,  from  the  outer  walls  of 
which  proceed  five  radial  branches ;  and  these  branches  inosculate  with 
each  other  laterally  so  as  to  form  a  circular  commissure  from  which 
branches  are  given  off  to  the  arms,  thus  establishing  a  nervous  con- 
nection amongst  them  all,  of  which  no  one  could  doubt  the  existence 
who  has  ever  seen  these  feather-stars  in  the  act  of  swimming,  or  simul- 
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taneonsly  ooiling  np  their  arms  on  irritation  of  the  oral  pinnules 
which  arch  over  the  month.  He  had  experimented  upon  the  matter  in 
Tarions  ways.  Haying  tamed  ont  the  yisoeral  sac,  he  passed  a  needle 
down  and  irritated  this  central  organ,  and  immediately  all  the  arms 
coiled  up  together.  Again,  he  turned  out  the  visceral  mass  entirely, 
thus  getting  rid  of  the  centore  of  the  ventral  nerve-system,  and  put  the 
animal — which  then  consisted  of  a  mere  skeleton — into  the  water  ;  it 
swam  just  as  well  as  hefore,  with  the  same  beautifully  co-ordinated 
movements  of  its  ten  arms.  He  then  tried  the  experiment  of  dividing 
this  ventral  nerve,  but  found  that  it  did  not  paralyse  any  of  the  parts 
beyond.  But  when  he  removed  the  centro-dorsal  cup  containing  the 
central  organ  of  what  he  regarded  as  the  dorsal  nervous  system,  the 
whole  of  the  arms  were  tetanized,  from  the  contraction  of  the  ligaments 
without  any  muscular  antagonism.  He  then  endeavoured  to  cut 
through  this  nerve  without  separating  the  arm  ;  but  was  unable  to  do 
this  successfully,  as  the  animal  threw  off  the  arm  at  once.  He  there- 
fore contrived  to  bum  it  away  with  nitric  acid,  and  then  found  that 
the  arm  was  paralysed. 

These  experiments,  and  the  anatomical  descriptions  which  his 
son  had  given,  so  entirely  agreed  that  he  thought  there  was  no 
getting  over  the  proof  that  8ie  muscular  apparatus  of  the  arms 
of  crinoids  is  put  in  action,  not  by  a  ventral  nerve-system  homologous 
with  that  of  other  Echinoderms,  but  by  a  dorsal  nerve-system 
peculiar  to  themselves.  He  thought  they  were  perfectly  conclusive  ; 
and  referring  to  the  well-known  story  of  Qeorge  Stephenson  and 
the  cow,  thought  that  if  the  homologists  still  persisted  in  going 
against  the  facts,  so  much  the  worse  for  the  homologists.  What, 
therefore  they  had  to  do  was  to  ascertain  exactly  what  was  the  true 
morphology  of  the  crinoid ;  and  it  seemed  to  him  that  its  most 
beautiful  skeleton  was  more  like  that  of  the  Yertebrata,  because  it  was 
modelled  upon  a  nervous  system.  The  joints  of  the  cnnoidal  stem, 
and  all  the  segments  of  the  rays  which  issue  from  its  summit  are 
penetrated  by  a  canal  for  the  nerve-cord ;  but  this  canal  is  not  found 
in  the  dermal  or  accessory  plates  which  constitute  a  large  part  of  the 
skeleton  of  many  fossil  crinoids.  The  existence  of  this  canal  became, 
therefore,  of  great  importance ;  if  it  was  a  canal  for  the  passage  of  a 
nerve,  then  it  became  a  fundamental  feature  in  the  organization  of  a 
crinoid.  The  crinoids  were  exceptional  also  for  the  wonderful 
activity  of  their  movements ;  no  star-fish  certainly  had  anything  like 
the  activity  or  co-ordinated  movements  of  a  crinoid.  He  thought, 
then,  that  they  ought  to  say  that  the  skeleton  which  incloses  the 
nervous  system  is  the  fundamental  basis  of  the  crinoid ;  and  that 
there  was  but  a  very  imperfect  analogy  between  it  and  that  of  the  star- 
fishes. The  question  afforded,  to  his  mind,  a  very  important  lesson  as 
to  not  allowing  theory  to  go  against  fact ;  and  also  that  microscopical 
examination  was  of  the  greatest  value  in  the  determination  of  questions 
of  this  kind. 

Dr.  Matthews  inquired  what  reagents  were  employed  by  Dr.  P.  H. 
Carpenter  in  the  preparation  of  his  specimens. 

Dr.  P.  H.  Carpenter  said  he  had  used  htematoxylin  sometimes, 
also  osmic  acid,  or  picro-carmine  or  borax-carmine. 
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Herr  H.  Boeoker's  collection  of  slides  of  Bacteria,  Bacilli,  &o , 
exhibited  in  the  room,  were  referred  to  by  Mr.  Crisp  as  one  of  the 
best  yet  seen  in  this  country. 


Mr.  Crisp  exhibited  a  curious  Microscope,  with  a  sliding  nose- 
piece  for  three  objectives,  marked  ^  Joseph  Brum,  Opticus  in  Institato 
Bononie,  F.A.,   1772,"  but  identical  (except  tiie  nose-piece)  with 

Slate  n.  in  the  4th  edition  of  G.  Adams,  sen.'s  treatise  on  the 
[icroscope  (1771).  The  nose-piece  was  an  anticipation  of  the  plan 
adopted  in  more  modem  times  in  the  Harley  Microscope  and  others. 
He  also  exhibited  the  two  Microscopes  by  Eeichert  and  the  apparatus 
mentioned  in  the  list  of  exhibits. 


Mr.  Griffith*8  multiple  eye-piece  was  exhibited  by  Mr.  Crisp,  and 
discussed  by  Dr.  Matthews,  Mr.  Powell,  and  others. 


Mr.  Crisp  mentioned  that  notice  had  been  received  that  the 
American  Society  of  Microscopists  would  hold  their  annual  meeting  at 
Bochester,  N.T.,  on  the  19th  of  August  next,  and  as  their  President, 
one  of  the  Vice-Presidents  (Mr.  Glaisher),  and  a  member  of  the  Council 
(Mr.  A.  W.  Bennett),  were  going  to  Canada,  the  Council  had  resolved, 
subject  to  the  confirmation  of  the  Fellows,  to  ask  them  to  attend  the 
meeting  as  a  deputation  from  this  Society. 

The  proposal  having  been  put  to  the  meeting,  was  approved 
unanimously. 

The  following  Letter  and  Beport  were  read  and  ordered  to  be 
entered  on  the  minutes : — 

<*  New  York,  Maroh  Slat,  1884. 

Dkab  Sib, — At  a  regular  meeting  of  the  New  York  Microscopical 
Society,  held  on  the  evening  of  the  21st  instant,  at  No.  64,  Madison- 
avenue,  the  report  of  the  Committee  appointed  to  present  in  a  formal 
manner  the  sentiments  of  the  Society  in  view  of  the  death  of  Mr. 
Bobert  B.  ToUes  was  read  and  accepted.  On  motion  it  was  ordered 
that  a  copy  of  said  report  be  sent  to  the  *  American  Monthly 
Microscopical  Journal '  and  the  *  Boyal  Microscopical  Journal.'  I 
have  the  honour  herewith  to  enclose  a  copy  as  stated. 

I  am,  <&c., 

Edwabd  G.  Day, 
Mr.  Frank  Crisp,  Sec.  Boyal  Micraaoopioal  Society.  Cor,  Sec,** 

*'  Tour  Committee,  appointed  at  the  meeting  held  December  21st, 
to  present  in  a  formal  manner  the  sentiments  of  the  Society,  in  view 
of  the  death  of  Mr.  Bobert  B.  Tolles,  find  in  the  remark  made  by 
Mr.  William  Wales  at  that  meeting  a  fitting  and  satisfactory  expression 
of  said  sentiments.    Mr.  Wales  said  in  substance : — 

'  The  death  of  Mr  Tolles  has  been  to  me  a  source  of  deep  regret. 
-poT  modesty,  for  uprightness,  for  earnestness  of  purpose,  he  was  one 
^f  the  most  estimable  of  men.    A  larger  capacity  tluui  his,  a  firmer 
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ftiid  finer  skill,  a  man  tftulic  feeliiigi  a  sterner  eooacieiitioiunees,  has 
•ddocn,  if  e^er,  been  deroled  to  tlie  irork  of  making  the  IGcroflcope 
a  thoioiighlj  elBeient  and  inwinorthy  aid  in  scientific  research.  The 
fortunate  owner  of  one  of  his  fine  lenses  possesses  one  of  the  most 
eaqoiaite  pieces  of  mechanism  erer  prodnoed  by  the  mind  and  hand 
of  man.  ICr.  ToUes  lofed  bis  beantifol  art  He  lofed  it  better  than 
riches ;  for  be  died  a  poor  man.  He  loved  it  better  than  life ;  for 
its  pnrsoit,  nerewititing  tbe  eonstant  iwK^lfitj^n  of  glass  dost, 
sboitaned  bis  daji^  Tbe  labonrs  of  soeb  a  man  entitle  him  to  the 
lasting  esteem  tJid  gratitude  of  all  loTen  of  the  ICcrosoope,  as  well 
as  of  that  field  of  investigation  to  which  this  instroment  is  the 
indispensable  poitaL"* 

■r.  B.  W.  Thomas's  slides  of  sand  obtained  by  washing  clay 
from  tibe  bonlder^rifl  of  Meeker  county,  Hinn.,  n.S.A.,  were  explained 
by  Mr.  Crisp.  In  similar  sperimwia,  Professor  Leidy  had  recogniaed 
scone  weU-preeerred  and  diarscteristic  Foruninifera,  of  which  two 
fonns  appeared  identical  with  Teacimlana  gkiMoM  and  BotaUa 
^iohmlom^  now  liTing  in  tbe  Atlantic  Ocean.  The  finsils  Mr.  Thomas 
soppoees  to  be  derived  from  a  soil  yellow  rock,  cretaceous  shale  and 
lignite  Ibnning  part  of  tbe  drill.  He  also  reports  the  finding  of 
fragments  of  marine  diatfims  in  tbe  day. 


Hie  fallowing  Lutraments,  Olgeets,  de.,  were  ezhibited.*— 
Dr.  CL  H.  Golding-Bird : — Microtome. 
Mr.  H.  Boecker  :-Siid6s  of  Bacteria,  Bacilli,  Ac 
Mr.  Chadwick : — Hakehm  haledmmm^  mounted  as  described  ante^ 
p.  151. 

Mr.  Cheshire :  —Curious  fonn  of  £^*riZ2asi. 
Mr.  Crisp : — 

(1)  Old  Microeoope. 

12\  Beicbert*s  Microscope,  with  modified  Abbe  Condenser. 

(Si  Beicbert*s  Polarization  IGoroooope. 

m  Griffith's  Multiple  Eye-piece. 

(5)  Glass  Frog-plate. 

16)  Getsehmann's  Slides  of  arranged  Diatoms^  Ac 
7)  Biadley's  **  Mailing  Boxes.'* 
Miss  Dancer  .'—Objects  found  in  flue-dust  and  coal-ash. 
Mr.  Gnimaraens: — Tbe  slide  of  2aalJbidi«fl»  exbibited  at  the  laat 
meeting. 

Mr.  A.  W.  Stokes :— Fisb-trou^^ 
Mr.  B.  W.  Thomas: — ^The  slides  mentioned  m^pra* 
Dr.  G.  a  Wallich>-A  Bolalian  from  dosed  flint  nodular  cavity 
metamorpboeed  into  chalcedony. 


Hew  Fdlcws ^— Tbe  following  were  dected  Ordmary  Fellows: — 
Messrs.  Henry  W.  Fuller,  H.  A.  Johnson,  MJD.,  James  C.  Stodder, 
H.  Thomas,  MJ).,  and  G.  F.  Tnrton. 
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